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“Each section of the International 
Space Station was launched 
separately and assembled In orbit” 


Out-of-this-world facts about the ISS, page 80 


Charlie 
Production Editor 
Humanity’s ability to 

create incredible 
things is widely 
appreciated, but what 
about the wonders of 
the natural world 
around us? Head over 
to page 54 for some 
of Mother Nature’s 
finest work. 


FOLLOW US... @ How It Works magazine ©@@HowltWorksmag clase 





Jack 
Senior 
Staff Writer 
For me, the greatest 
wonder this issue is 
the revolutionary 
printing press - we 
wouldn't have this 
magazine without it. 
It’s time for me to say 
farewell as this is my 
last issue. Bye! 


oN 
ae 


James 
Research Editor 
With 100 wonders to 
choose from, we’re 
all spoiled for choice 
when it comes to 
picking our favourite. 
For me, the most 
amazing of them all 
comes last on our 
list, which you can 
find on page 88. 


Sst 


Meet the team... 





Duncan 
Senior 
Art Editor 
| still can’t believe it’s 
issue 100 already! | 
was there at the start, 
helping to launch this 
amazing magazine all 
the way back in 2009! 
Even after all this 
time, it still manages 
to feed my mind. 





Laurie 
Studio Designer 
My favourite wonder 
in this issue has to be 
number 66 - 
pufferfish crop circles. 
It blows my mind how 
a fish so tiny can make 
such a detailed 
masterpiece in an 
attempt to impress a 
passing mate. 


Welcome to our 100th issue! 
This month, the magazine is 
filled with as many amazing 
sights, creations and 
phenomena as we could pack 
into its pages. Reducing the list 


to just 100 wonders was tough, but we hope you 
agree with what has made the cut. 

We wouldn't have reached this milestone 
without our readers, so thank you for picking upa 
copy or subscribing! The team love to hear what 
you think, so do keep sending us your questions 
for us to answer and comments for what you'd like 
to see in future editions of How It Works. 

It's difficult to pick a favourite wonder, but the 
International Space Station is definitely one of 
mine. Knowing that it was put together while 
orbiting the Earth at thousands of kilometres per 
hour never fails to amaze me. But to me, its most 
important feature is how it has become asymbol 
of international cooperation and a model of what 
can be achieved when humanity works together. 

We hope you enjoy the issue! 


Jackie Snowden 
Editor 
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THE 100 COVERS 


From fighter jets to robots, and dinosaurs to Mars colonies, we've 
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covered a lot in our first 100 issues, with so much more to come... 
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® TECHNOLOGY 


= 


18 Everyday tech 
From clean water at the twist of 
a tap to infinite information on 
the internet, we celebrate 8 tech 
wonders that we take for granted 


Cameras 
24. Skyscrapers 
24. Robots 


25 Virtual and augmented 
reality technology 





Biometric security 


25 Quantum computing 
26 Health tech 


. SCIENCE 





28 The human brain 
Discover 8 wonders about the 
most complex object in the 
known universe 


32 Hidden maths 
32 DNA 
32 Vaccines 

Stem cells 
34 CERN and the LHC 
36 The periodic table 
Water 


Lenses 


FS 
38 Wonders of flight 


8 amazing engineering feats and 
fantastic facts about air travel 


42 Steam power 


44 Ford’s assembly line 
and the Model T 


46 Electric cars 
46 Cargo ships 
Bullet trains 





54 Incredible habitats 
Take a tour of 6 of the most 
biodiverse places on the planet 
where plants and animals thrive 


62 Snowflakes 
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66 Pufferfish ‘crop circles’ 
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30 The ISS 





Whale song 








Amazing trees ¥ 
Tectonic plates 
Nature’s light shows 


Diamonds 


The longest migration 


> Ancient wonders 
Discover 10 immense structures 
built by our ancestors 


The printing press 


Panama Canal 





Turing’s Bombe 


The Antikythera 
mechanism 


of 
THREE 
PULL-OUT 
es OTF TY 


PAGES 48-53 


Fossils 
Firestarters 
The Rosetta Stone 


Mount Rushmore 


8 out-of-this-world facts about 
the space station 


The Apollo programme - 
Black holes 
Constellations 


The Hubble Deep Field: 
seeing through time 


Nebulas 
Reusable rockets 


37 Water in the 2 ime oe Naas 
Solar System 84 pln om = 
88 Earth: the blue marble aT a) i. 





MEET THE ISSUE 100 EXPERTS... 














Joanna Laura Rie Ella Jonny Stephen 
Stass Mears «= 4 Carter O’Callaghan =P Ashby 
This month, Jo Biology expert From the Coral In our space feature, “= * Steve brings 
#@ ~~ takesusona am Laura explains Triangle to Jonny gives us eight if ~~ you this issue’s 
historical tour of some of the wonders of the Madagascar, and the reasons why the International How To experiments. 


the world’s most 
incredible structures. She 
also explains the tech 
behind cameras and 
Microsoft’s Hololens. 


human brain in our 
science feature. She also 
tells us why water’s weird 
chemical properties make 
it vital for life. 


Amazon to the Galapagos, 
Ella highlights some of the 
world’s most incredible 
habitats in this month’s 
environment feature. 


Space Station inspires awe. 
He also explains how 
reuseable rockets will change 
spaceflight by improving 
costs and efficiency. 


Find out how to make a 
tornado in a jar, and how 
fruit juice can make your 
old tarnished coins look 
shiny and new! 
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_ Bedford Sheen 
From the jet How It Works 
engine to = alumnus Katy 


returns to explain how stem 
cells could revolutionise 
medicine, and points out 
where you can spot 
mathematical phenomena 
hiding in nature. 


commercial airliners and 
supersonic planes, Mike 
explains how the wonder 
of flight has changed the 
world in this month’s 
transport feature. 
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ANCIENT 68° 


Steve 
Wright 

_ _ This month, 

‘. Steve explains 
why cargo ships are vital 
for modern life as we 
know it. He also finds out 
what the future holds for 
electric cars, and how 


bullet trains break records. 





Mike 
Simpson 
In our 
technology 
feature, Mike explains 
the inner workings of all 
the gadgets and utilities 
we take for granted, 
from smartphones to 
drinking water. 


























m. 
- 
all 





12 Global eye 


Amazing science and tech stories 
from around the world 


90 Book reviews 

Check out the latest releases for 
inquisitive minds 

92 Howto... 

Clean dirty coins and make a 


tornado in a jar 


100 issues 
We take a look back at our 


previous covers 


Reader’s section 
Your letters, comments and 
amazing magazine collections! 


Prize giveaway 
Enter our photo contest to be in 
with your chance to win 


Bankes 
Sarah explains 

| some amazing 
natural phenomena in this 
issue, from mysterious 
whale song, pufferfish 
‘crop circles’, diamond 
formation and why 
snowflakes are unique. 
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Fuel cells and 
gamma rays 


Dear HIW, 
The magazines have been constantly 
engaging, saturated with fun facts and 
in-depth articles. How It Works is an 
incredible magazine and | am looking 
forward to many further issues. | found the 
cover photo of issues 64 and 78 
particularly eye-catching. 
| have a few questions: are hydrogen fuel 
cells as efficient yet as lithium-ion batteries 
for cars? If so, why aren’t hydrogen cars as 


cr 
we 





The science of 
sunglasses 


Dear HIW, 
| have a question about how light reacts 
with materials. My sunglasses are purple 
on the front but yellowish-grey when | look 
through them from the back when | put 
them on. Is there a coating on the front 
side? How do | not see the purple colour 
on the other side? 
Thanks for your time on my question. 
Best regards, 
Andy Shek 





common as electric cars? Also, how 
exactly do gamma rays kill living cells? 
Thank you, 

Anish Mariathasan 


We’re glad you enjoy the magazine 
Anish! To answer your first question, 
hydrogen fuel cell vehicles are still 
less efficient than all-electric 
battery vehicles in terms of distance 
travelled per unit of energy 
consumed. One of the downsides of 
hydrogen is that, even though it is 
the most abundant element in the 
universe, most of it does not 
naturally exist in its pure form on 
Earth. Hydrogen must be extracted 
from sources like coal or water, 
which can be an expensive and 
energy-intensive process. Another 
reason why electric cars are more 


* common is that they can work with 


existing infrastructure - recharging 
can be as simple as plugging a car 
into the national grid - while 
hydrogen cars need specialised 
supply networks and stations to 
supply the gas for refueling. 

Regarding your second question, 
gamma rays are the most energetic 
form of electromagnetic radiation. 
They are able to penetrate cells and 
collide with the molecules within 
them. If the rays collide with DNA in 
the nucleus, it can cause mutations 
or - at high enough doses - kill the 
cells outright. 


Your sunglasses look different from 
the back and the front due to all the 
different layers used in the lenses. 
The purple colour you see on the 
front comes from the number of 
different materials used to protect 
your eyes, including an anti- 
reflective covering, a polymer 
coating to reduce scratches and a 
polarising film to reduce glare. 
These lenses reflect purple light, 
which gives them their colour, but 
when you look through your 
sunglasses this light and similar 
shades don’t reach your eyes, 
making the world appear yellow. 
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What’s happening on... 


Twitter? 


NV/Fel emsiOl R= MYZOLU I 0) |(@\VAVMUIS 
@HowltWorksmag for 

re] aateVAl aie Mm roleancemexe)an]elsinin(e)als 
and the latest in science & tech! 


A Geelin ere>.<ele-lals: 
#great for the enquiring mind xx 


¥Y @agreekLuis 

Shout out to the profilers and statistic 

makers for rerouting me from learning 
about cars #uber @HowltWorksmag 


¥Y @Astro_Jonny 

| was almost there at the beginning! 
Joined this mag on issue 13, stayed for 
about 25. Time flies, eh. 


¥Y @Dany_Johnston 

Facts for your #horror #writing Delve 
Talsile (eM Mue) mul lcoMenlclanleloiaesz-lan\iValiiare 
@HowltWorksmag 


¥Y @JRfromStrickley 

Really pleased & proud that our 
youngest lad Chris got ‘letter of the 
month’ in the latest @ 
HowltWorksmag #buddingscientist 


¥Y @MarsCuriosity 

Happy #MartianNewYear! Should auld 
acquaintance be forgot? No way. 
Can’t wait to share exploration with 
you on this next trip around the sun 








vr 

| | 
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Inside the mind 
of a genius 


Dear HIW, 
| have a question for your letters page: is it 
true that scientists still have Einstein’s 
brain? Have they learned anything from 
studying it? 
Thanks, 
Heather Marshall 





It’s true! After the eminent 
physicist’s death in 1955, Dr Thomas 
Harvey, the pathologist who 
conducted the autopsy, removed 
and preserved Einstein’s brain for 
scientific study. He measured and 
photographed the brain, 
commissioned illustrations, oversaw 
its division into 240 separate blocks 
and prepared hundreds of slides 
containing tissue samples. He sent 
the samples to neuropathologists, 
who surprisingly found the samples 
to be no different to ‘normal’ brains. 
The brain’s weight was actually very 
slightly lower than average for a 
man of Einstein’s age. 

Later studies on the samples 
found that Einstein had a higher 
than average ratio of glia (the brain’s 
supporting cells) per neuron; the 
neurons in his prefrontal cortex 
were more tightly packed; and his 
inferior parietal lobule (which plays 
a role in mathematical thought) was 
wider than average. More recent 
studies of Harvey’s photographs also 
revealed that Einstein had a thicker 
corpus callosum - the area of the 
brain that connects the left and 
right hemispheres. While these 
findings are interesting, it is not 
certain whether they are features he 
was born with or whether his brain 
was shaped by experience as he 
grew up. 


“Hydrogen must be extracted from 
® sources like coal or water, which 
— canbeanexpensive process" 
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Get in touch 


Want to see your letters on this page? Send them to... 
 f How It Works magazine © @HowltWorksmag howitworks@futurenet.com 
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We love this brilliant shot 
from Aussie reader Max! 


Anish Mariathasan 


ft THE a i 77 ce Wier VOuee, 
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= Ree ed G'day mates, I’m 


a CA ORK Gh ae I from Down Under so I 

an BOND +7 Fhe eed. Sime bipnT DIE OUT. 

eee ES ee eee §=§ diways read my How 

“sy cee U yo) | A = eee ee It Works magazines 

upside down! I love 

them. Keep up the 
good work.” 
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AfterShokz 
headphones 


RRP 





WIRRLESS 


TREKZ TITANIL 
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of a 
All you need to do to be in with a chance to win is to send us a photo of 
yourself or a family member holding your copy of this issue! 


Email your entries to howitworks@fut 
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Portsmouth Historic 3D printer i 
. . + ane here bi 
Dockyard 2x family tickets* You can join the printing er 
Visit all 11 attractions at Portsmouth revolution with your very | 
Historic Dockyard, including the Mary own 3D printer! a =. 
Rose, HMS Victory and HMS Warrior. ae 
Reg — 





2x K’NEX Power & Play Building Tubs 


Unleash your inner engineer with the brand new 
K’NEX Power & Play Motorized 50 Model Tub, with 
more than 530 pieces in a reusable storage box! 
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rms and Conditions 
For full terms and conditions, please visit: 
www.futuretcs.com 
¢ The competition is open to UK and US 
residents only (some state exclusions apply, 
see link above for details). 
The competition closes at 00:00 GMT on 13 
July 2017. 
By entering, you give How It Works your 
consent to use the submitted photo ina 
future issue, and to pass on your contact 
details to prize providers for delivery. 
Readers under 18 must ask permission from 
a parent or guardian before entering. 
Competition entries will be accepted by 
emails to howitworks@futurenet.com only. 
Entries submitted after the closing date will 
not be considered. 
Entries via www.howitworksdaily.com, 
Facebook or Twitter will not be considered. 
The winner will be chosen at random. 
*Science Museum tickets are valid for the 
Robots exhibition which runs until 3 
; ‘ = : _ | 5 : a ; September 2017. For more information, visit 
\ | —— leis Wits nani pe amien beta.sciencemuseum.org.uk/robots 
Sf ee ee 6h UR Se - +*Portsmouth Historic Dockyards tickets will 
be valid for one year from the day they are 
sent out and are available for the entire 
Dockyard. Not valid for special ticketed 
events, please see website for details: 
www.historicdockyard.co.uk 
- SWinchester Science Centre fami 
valid for 2 adults and 2 children 
admission. General admission 
full access to the hands-on e: 
during normal opening hours 
admission does not include 
events or the planetarium. F 
about events visit 
www.winchesterscience: 
visitor-information/whats 
* Prices converted from e 
sterling, correct as of 3 
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urenet.comM with the subject heading HIW100 
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GLOBAL EYE 


Showcasing the incredible world we live in 


Nearly 2,000 new 
pliant species were 
discovered in 201 


Arecent report from The Royal Botanical Gardens at Kew 
highlights just how much we still have to learn about Earth 















rede Over 100 scientists from 12 countries potential to be used as food crops, medicines or 
( > across the world took part in creating timber, reducing the strain currently exerted on 
Kew’s second annual State Of The existing sources. 








World's Plants report, which aims to help Professor Kathy Willis, director of science at 
discover, classify and safeguard the huge range the Royal Botanical Gardens at Kew, explains: 
of flora on our planet. “Plants are the foundation of the world’s 

The most recent assessment, conducted during ecosystems and hold the potential to tackle some 
2.016, includes 1,730 plant species that are new to of our most pressing issues, as we try to strikea 
science. The discoveries include previously delicate balance between our needs and those of 
unknown relatives of the aloe vera plant, five the natural world. We've tried to make sure that 
new species of the manihot in Brazil (which is this year’s State Of The World’s Plants report goes 
related to cassava and tapioca plants) and anew beyond the numbers to look at the natural capital 1 \ 

The Tibouchina rosanee, a newly discovered 

type of parsnip in Turkey. These findings are of plants - how they are relevant and valuable to species of ‘princess flower’, was found in Brazil 
important, as new plants could have the all aspects of our lives.” 















29 new species of begonia were 


Paes 1,730 plant species 
> new to science were 
discovered last year” 





The Pastinaca erzincanensis is a new 
species of parsnip discovered in Turkey 






(Te 
re 


| 

] 

® - P 7. 
a, — 


re Si 


Le | » This new, type of scialle 


Ca rY 1h eye 
These spiky flower clusters (above) belong to Sokinochloa be ie found’ " ay 


auStralis, anew genus discovered in Madagascar. Sokina is 
Malagasy for ‘hedgehog’, which they resemble (below) 


The report 
by numbers 


The dlls i(e [Ul q=s-m el-aliavemaat= 
WV(o) (oom r-lal es i-1e (om a(e) | 


of the food we derive from plants comes 
from just 17 different plant families 


"225 


plant species have had their whole 
genomes sequenced 


28,187 


plant species are recorded as being used 


The Englerophytum for medical purposes 


paludosum is One of 
_ fournew species of its 
genus discovered in 
The flowers of the Paubrasilia echinata central Africa 
feature a characteristic red upper petal ; F 


The Paris japonica plant has 


7 J THe Commincarpus 
macrothamnus shrub was 
found in eastern Ethiopia 
ad more DNA in its genomes than a human 
due to its chromosomes being so big 


6,075 


plant species are classified as invasive 


340mn 


hectares of the world’s vegetated 
surface burns each year 


© Yusuf Menemen; RGB Kew; LP de Queiroz; Andre Schuiteman 


How It Works | 013 














* 
. » 
| * 
. . i ‘ : wa” “4 . 
i cach Nay? ee 
Data from orbital telescopes and ground arrays have been combined to produce this stunning image 
t 
The Crab Nebula is a supernova The VLA is based in New Mexico, US, and created by interactions between material ejected 
j remnant approximately 6,500 light consists of 27 25-metre-longradiotelescopesthat during the supernova and the ‘wind’ of charged 

years away from us. Recorded by combine their data to effectively actlikeasingle, particles streaming out from the pulsar. 
Chinese astronomers in1054,thesupernovathat 4o0-kilometre-diameter dish. Images of the crab Gloria Dubner, lead scientist of the team that 
created it was so bright it wasvisiblefrom Earth. nebulacollected using the array in 2012 were studied the telescope data, has revealed that this 

This beautiful image of the nebula was combined with datafrom thespacetelescopesto team effortis already providing new insights and 

produced by combining data from five different create this colourful composite. helping to unravel the physics of the nebula. 
telescopes: the Karl G Jansky Very Large Array The bright centre reveals a pulsar-an “Comparing these new images, made at 
(VLA), Spitzer Space Telescope, Hubble Space incredibly dense neutron star rotating once different wavelengths, is providing us witha 
=) (esforo) elem. @\V ONY EON (ea taney eM @lerrevaicclneara-belomuals every 33 milliseconds, emitting beams of radio wealth of new detail about the Crab Nebula. 
Chandra X-ray Observatory. Together, they span and light waves. The intricate web of clouds Though the Crab has been studied extensively for 
almost the entire electromagnetic spectrum. radiating out from the centre of the nebula is years, we still have much to learn about it.” 


TELESCOPE TEAMWORK Meetthe observatories behind the je) ateyce 





Very Large Array Spitzer Space Hubble Space Chandra X-ray 
Reyer-1 a) HEN eMAV Cer cere) B=) (stovexe) of) W =) (=¥oxore) of) XMM-Newton Observatory 
Detects: radio waves Detects: infrared Detects: visible light Detects: ultraviolet Detects: X-rays 
Colour in image: red Colour: yellow Colour: green Colour: blue (oe) (ot em oleae) (=) 
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NEWS BY 
NUIVIBERS 


The number of Bond films in 
which Sir Roger Moore played 
the legendary spy 


The number of computers 
infected by the WannaCry 
ransomware attack 


Cambridge Consultants say 
a 14 at <1] ar oxe) a ex=) 0] mexe)0] (eM ai=)/® 
} a . surgeons lower the risks of 


o -=sies > more complex procedures 


ail 








7 d 
The year the first Royal 2 \ 


Horticultural Society Chelsea 


Fowrsmioxones Augmented reality can aid surgery 


Could AR soon be making its way into the OR? 





Augmented reality (AR) tech has plenty of time. By using data from patients’ body scans, the 
How much faster a snail is oe : . . ' 
eR ete arta @ applications (find out more on page 25), and it system could create holographic 3D representations of 
tunnel boring machine - a MS could soon play a role in surgical procedures. their tissues and organs, providing an interactive view 
rate that Elon Musk hopes to Aconcept from product design and development firm inside the patient during surgery. 
beat when creating tunnels : : ie 
Witeaihe Boring Conbany Cambridge Consultants showcases how surgeons could This concept could revolutionise surgery and allow 
use Microsoft’s HoloLens to see inside patients in real more minimally invasive procedures to be performed. 


Scientists 
find 40 more 


‘intelligence 
genes’ 


Study sheds light on how our DNA 
might influence our intelligence 


Results from a Dutch led study 
> suggest that there is a link between 
certain genes and our intelligence. 

Looking at the genetic profiles and IQ 
test scores of nearly 80,000 individuals, 
the team found evidence to suggest that 
52, genes — 40 of which were new 
discoveries — are linked to the biological 
mechanisms of intelligence. The genes are 
involved in cell development, synapse 
formation, axon guidance and neuronal 
differentiation and are mostly expressed in the 
cells of the brain tissue. 

However, studies of this nature can be quite 
controversial, as the IQ tests the data is 
based on do not usually account for other 
intellectual abilities such as 
creativity or social 
intelligence. 





























Less stop-go 
traffic with 
driverless cars 


Self-driving vehicles also cut the risk of 
accidents and increase fuel efficiency 


Engineering in the US has found that even 
having just a few driverless vehicles on the roads 
could lead to a substantial reduction in traffic problems. 

It is thought that driverless cars benefit other road users 
because their careful, smooth pace improves traffic flow. 
The team’s data suggests that, even if only five per cent of 
vehicles on the roads were autonomous, there would be 
fewer incidences of stop-go traffic and fuel consumption 
would be reduced by as much as 40 per cent. 


Astudy by the University of Illinois College of 
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Ancient 
beads were 
space rocks 


Analysis of beads found 
ina 2,000-year-old Native 

Ps age American grave in modern- 
4. day lilinois show that they 

. were made from shards of 


Here’s what the Mars a meteorite. 
2020 rover will look like 


NASA released this artist’s concept of their next Mars 
rover, which will expand our search for life on the Red 
Planet. Like its predecessors, Mars 2020 will look for 

signs that Mars was once habitable, but it will also be 
able to search for evidence of past microbial life itself. 
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Flamingos 
save energy 


Snakes 
coordinate 
hunts 







When flamingos stand on 






It was previously thought 
= = . that snakes hunt and eat one leg they expend less 
1 German scientists have built alone, but new evidence energy compared to when 
6 | cick suggests that some a ae ee 
«+ * the largest artificial sun eae ie his balancing set equires 
> no active muscular effort, 


| 
¥ 


The German Aerospace Center’s DLR facility is home to the Synlight 

\ project, a huge array of 149 xenon lamps that can mimic sunlight. It 
‘= canbe used to simulate a constant, reliable solar source. Researchers 

: i are using Synlight to help accelerate research into solar fuels. 


a? xeon 


catch prey. Cuban boas 
have been seen positioning | 
themselves to form a wall 
across Cave entrances so 
they can catch as many 


, a LE LE : : passing bats as possible. ... a —_ 
rd ae tinea : 


gnvTeS MORE) is real Trees might make summer — 
NWP Anew study has shown ~ air pollution worse = 


that a few bad nights’ sleep 
can make people appear 
less attractive to others, 


so the birds can even 
snooze this way. 
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It may seem counterintuitive, but under some circumstances plants may ——— 
actually contribute to air pollution. During a heat wave, trees can produce - 


compared to when they have volatile organic compounds (VOCs), which can make air pollution - ~— 
had a good night's rest. Lack especially ground level ozone - up to 60 per cent worse. The trees’ VOCs EI on Musk 
of sleep can make people themselves aren't dangerous, but in the air they react with nitrogen . a 

look unhealthy, so it’s thought oxides produced by vehicles. These compounds can contribute to a we is boring 

that this might trigger a variety of health problems, from respiratory issues to heart attacks. —= ee ere 
subconscious disease- 


making progress with his 
latest venture, The Boring 
Company. Musk hopes to 
make the tunnel boring 
process faster and more 
cost-effective. 


avoiding response, making 
us want to stay away to avoid 
potentially getting ill. 


1 


‘Fat but fit’ is a myth 


It had previously been thought that people could 

be obese but medically fit, but new research ~ 
contradicts this. A study that looked at medical ; 
records of millions of UK patients found that 
obese individuals were more likely to develop 
heart disease, or suffer from strokes or heart 
failure, than those of a healthy weight. 
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Mushrooms 
are better 
microwaved 


Researchers found that 
microwaving or grilling the 
fungi increases the levels of 
antioxidants, while boiling 


ave or frying reduces them. 

\ ‘% P ol hs 
4 = \ See - ' 
= z " 7 * + % 


WAWAWAHOWITWORKSDAILY.COM 





\) 


© DLR Institute of Solar Research; NASA, JPL-Caltech; Pixabay; WIKI/ Steve Jurvetson; Thinkstock 
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Metabolic reactions in our bodies cause human bioluminescence, but it's too weak to be seen 











By discovering how to 
manipulate the flow of 
electrons, we triggered a 
technological revolution 
Almost everything we do in 
() 1 our lives relies on electricity. 
~ Withoutit, our homes would 
be colder in winter, our food 
would go stale quicker, there would be 
no factories to build planes, trains and 
automobiles, no TV, circuit boards, AEDs 
or other high-tech medical equipment, 
and we wouldn't be reachable 24-7 on 
our mobile phones. We therefore havea 
lot to thank electrons for. As they zip 
across a conductor from a negatively 
charged object to a positively charged 
one, these subatomic particles create the 
electric currents that power the modern 
world’s technological progress. 


Despite what our amazing gadgets can do, 
we'd literally be powerless without electricity 


Electricity 


Energy sources 

Power stations burn fossil fuels (coal, oil or gas), 
or use the heat from nuclear fission, to produce 
steam. Kinetic energy from wind and waves can 
be harnessed to power generators directly. 
Solar panels can convert solar energy to 
electricitv directlv via the photovoltaic effect. 
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Power stations 


Discover where the power we can get 
at the flick of a switch comes from 
























Turbine 

Under high pressure, 
steam is used to 
rotate a turbine 

that is connected to 
the aenerator. 


Generator 


electric current comprised of 


electrons separated from their atoms. 





Step down 
transformer 

The current’s voltage is 
stepped down again to 
avoid blowing up devices 
when it flows into them. 


The generator turns magnets inside 
copper wire coils, which produces an 







“Almost everything 
we do in our lives 
relies on electricity” 























Step up transformer 
So the current won't lose too 
much energy by the time it 
reaches its destination, its 
voltaae is massivelv boosted. 





Transmission lines 
The high-voltage current travels 
along wires that are raised off 
the surface by poles and 

pvlons. or buried underaround. 
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Municipal water 
treatment 


Discover how a treatment plant gives water 
rea men the works to ensure it’s safe to drink 


Giving water a thorough clean ae ae: 
before it enters our homes Ss = __ objects such as rubbish, logs 
helps us live healthier lives 


~ and aquatic animals. 
Water that is pumped through 


@ mains pipes to our taps has 
() re generally been drawn either from 
reservoirs or underground aquifers. 
Before it becomes drinkable, however, it is 
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; ae Source 
subjected to processes that include filtration, Water is pumped from 
flocculation, sedimentation and possibly reservoirs or aquifers to 


fluoridation to remove dirt, debris, invertebrates, tne lant for treatment. 


fish, potentially harmful bacteria and bad 
smells. Bottled water sold in shops also needs to 
conform to regulated health and safety 
standards. Accordingly, it may be filtered or 
chemically treated and even be derived from 
municipal tap water supplies. 


Having clean water on tap 
protects us from water-borne 
diseases such as cholera 





Testing 
Samples of cleaned 
water will be tested to 
ensure it meets 
regulated standards. 


Distribution 


=. + — — If the water passes 
| ; inspection, it can be 
OE es corn: | pumped in water 


mains to local taps. 
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People in the UK listened to an estimated 1.049 billion hours of radio in the last quarter of 2016 
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Highs and 
Core mrlel(e 


The varying levels of radio 
frequency have many uses 





Coagulation and 
flocculation 
Chemical agents and 
stirring cause individual 
particles of suspended 
solids to stick together. 
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Disinfection 
Pathogens that 
could be in the : 
water are killed by [| 
introducing 
chlorine or ozone. 


Sedimentation 

The water is held in 
tanks for several hours 
so flocculated particles 
can settle at the bottom. 












Filtration 
To remove smaller particles 

that didn’t coagulate, the water 
might be filtered through sand. 
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Chemical and physical properties 
of the Earth’s surface and 
atmosphere propagate signals 


over long distances lonosphere 









- TerStpIENg Receling 
a antenna 


antenna 
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The internet 


The interconnectedness of modern computers is so 
essential, it’s hard to imagine life without it 


Bm Anetwork of geographically distant 
3 computers was originally proposed 
dj in the 1960s by MIT computer 
"researcher JCR Licklider. The 
earliest form, ARPANET, was limited to justa few 
salole rsp eema slam Oloya olblmasl=Melcni(e)ce)eyaslayalmeyaey-(eccli 
switching and TCP/IP protocols (internet 
(efo)anbantepenlercheloyemet-bercaur-tecctom Bhemnelcmlowsels 
unlocked the network’s potential for expansion 
around the world. 





“Internet 
commerce 
and media 
streaming 
have been 
revolutionary ” 


WIKIPEDIA 


E-mail was being used by the 1980s, but it 
wasn't until Tim Berners-Lee introduced the 
AVfoya CoMIAVACOCSMNAN(clopbeudelenst-Vehvmcerelesmmetsima els 
internet began to spread beyond research and 
government institutions. Since then, 
improvements in security, data transmission 
speeds, server technology and mobile access 
have allowed individuals and organisations to 
store and access ever-increasing amounts of 
data and send big files at faster speeds from 


internet ~ 
minute 


A lot can 
happen in 60 


>180 million 


emails are sent 






Soogls-Suche 


Web giant Google has seen off other search 
engines such as AltaVista and Ask.com 


anywhere. Meanwhile, internet commerce and 
media streaming have revolutionised shopping, 
publishing, music and visual media, while 
activities such as banking, online voting, social 
networking and, unfortunately, cybercrime 
Jakshi(omolereo)aatemere)eabeateyele)t-lace 
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Lasers can be used for extreme cooling by reducing motion in atoms 





Lasers 


Far from being the stuff of 
science fiction, this light-based 
technology is all around us 


Mite] njay-Nanle)ilacer-iaceya 
by Stimulated 
aaalssie)a me) i 
Radiation (LASER) 
describes a process 
whereby electrons are excited 
Taksi(elem-)Ke)aatcmanlgelele/amaal= 
Fe] 0) 0) i(or- 14 (eo) ame) mr-laM=lalc1een mcvele | ner= 
SU Lo1 a l- low] a=) (-\eada ome laaclaimele 
another laser. Once excited, the 
electrons jump to a higher-energy 
orbit around the atom’s nucleus. 
AVA dateamdare\varcie] ossyole[U(-laluhvare|qe)e) 
‘oye orqncomaalsl/mave)anat-]melcelelale 
state, they emit light as a 
confined stream of photons that 
are all at the same wavelength. 


Mobile phones ni 

p components have led to 
Originally a chunky luxury, these have become pocket-sized phones © 
pocket computers that we can’t leave home without 































A‘Mobile Telephone Service’ was devices, companies such as Blackberry, Apple 
} $ introduced in America by AT&T in and Samsung began a race to innovate, leading Laser agradetieh — 
' 4 « the 1940s, but its phones were to the release of the touchscreen iPhone in 2007. Syerci sae aici 
hardly portable. The first The opening of the App Store in 2008 effectively polymers that light up the 
commercially available mobile phone, launched the smartphone industry as we know pixels when energised by 





Motorola’s DynaTAC 8000X, arrivedinthe1980s, _it today. abeleeCcedge: 


but it was appropriately nicknamed ‘The Brick’ 
because it weighed 790 grams. Sm a rtphones 
Installation of cell towers and the switch from 


- roe The main features 
analogue to digital communication in the 1980s 


that make today’s 





made mobile networks feasible. Meanwhile, mobile phones 
ever-smaller microprocessors, batteries and indispensable 
radio transmitters allowed manufacturers like 
Nokia to build pocket-sized phones. As Accelerometer 
consumers demanded more from mobile Pulsiel ee eriie 
phone S movement, Camera 
Incredibly, there are more mobile allowing apps such The top smartphones 
phones than people on the planet as games and can now have 


activity trackers to 
respond to the 
user’s position. 


dual-lens cameras 
and some can take 
pictures at 
resolutions exceeding 
4O megapixels. 


Motherboard 
The phone’s ultra-thin 
motherboard houses the 
microprocessor, RAM 
and data storage chips. 









The latest lithium-ion 
batteries can hold a charge 
for more than a day and be 
recharaed wirelesslv. 
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Robotics 


How machine learning is building adaptable robots 









Robots are capable of performing fiddly, connected by a web of hidden units. Each connection is 
) (> repetitive and dangerous tasks without given a weight that dictates how strong it is and An interactive 
(| < tiring. At their most basic, they can be whether it sends an activating or deactivating signal to companion, 
programmed to perform set functions connected units. Each unit adds up all of the signals one iy en ee 
according to rigid instructions, but with inspiration they receive and, if they reach a certain threshold, they sold globally 
from biology, they are becoming increasingly capable ‘fire’ like a nerve, sending the signal further through 
of learning on their own. the network. In reinforcement learning, when the 
Artificial neural networks are software simulations machine gets something right, the weights between 
that try to recreate the inner workings of the human the connections are strengthened. Ifit gets something 


brain. They are made from layers ofinputsandoutputs wrong, they’re weakened. This allows robots to learn. 


Robots are finding their way into every aspect of our daily lives 


fo0.0048) 4 
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Manufacturing Drones Healthcare Military Space travel Education 

Industrial robots can Unmanned aerial vehicles, Robots in the operating Bomb disposal robots Robots can venture to Simple classroom robots 
perform precision tasks or drones, allow flight into theatre are able to assist guided from a distance are places too dangerous for are a tool for learning 
repeatedly without tiring, risky areas. They are surgeons with complex equipped to fire high- us; from the outside of the programming, allowing 
replacing or supporting equipped with sensors and __ procedures by providing pressure water to safely International Space Station — children and young people 
human workforces. piloted remotely. precision and control. disarm explosive devices. to the surface of Mars. to tinker with their code. 
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NASA's Jet Propulsion Laboratory is using HoloLens to help design the next Mars rover 


Virtual and 
augmented reality 


The immersive display technology with 
countless life-changing applications 








Virtual reality headsets are the 
a? 7 latest must-have gadgets taking the 
if ‘_... world by storm, enabling you to 

fully immerse yourself ina three- 
dimensional, 360-degree virtual environment. 

They work using sensors that can determine 

the orientation of your head and then adjust the 
display accordingly so you really explore the 
scene. Although they are currently marketed 
mainly at gamers who want to put themselves in 





A suite of sensors determines the 
orientation and tilt of your head, 
allowing you to move the cursor by 
adjusting your gaze. 


Eye scans 

The iris contains distinctive 
(oxo) (0) 0] sowr-]alem ey-] 802) aacemVali(omaars) 
ceil] ate atesowr> Me) a(ouxe)inr- ba .@1ale. 
network of blood vessels. 


Fingerprints 

Ai avemalele(ssw-lale Mc] |(e\VA5 

of each fingerprint are 
different for every 

person, andsotooare 
the patterns of veins. ff 


Biometric security 
a e)paMilale (sia olel alam ced cole) a-1a=) osm 


oLUlmUlal(e(e(sMag-l|a-w- lao melelg 
|e) (0) (ole (or-] M oy- Ss) ne) ely 


AVfoy(ox=W a atorolelalin(eya 

Patterns of features like frequency 
re] alo 0) Kola Mor-]a Ml ol-M=> aue-(eltlemice)an 
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the action, they also have enormous benefits for 
other industries, such as engineering and 
education. These benefits have led Microsoft to 
take the technology one step further, creating an 
augmented reality headset called HoloLens. 
Instead of transporting you into an entirely 
digital world, this self-contained device projects 
holographic elements into the real one, allowing 
you to interact with virtual 3D objects and 
environments in your home or office. 
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Hololens allows you to click a 

hologram and then drag it to 

another location just as you 
would with a mouse. 


Facial features 
VAD «=\orole|avin(e)a ker- am e\= 
fooled by similar faces, 
but some features, like 
Our ears, are 
(oro)anye)(=1k2) Ne lal(ele(ee 


Gait 
analysis 
Ket=valajaviare 
faces in CCTV 
can bea 
challenge, but 
suspects can be 
lavelage)uucre me (e)Vial 
by telltale signs 
Tamuatemelaliel ere 
way they walk. 










Light particles 
bounce around 
inside the lenses to 
trick your brain 
into perceiving 


holographic images. 
Cameras record the 


movement of your 
limbs when they are 
in view, allowing you 
to control holograms 
with simple gestures. 





Microphones pick up voice 
commands, and speakers enable 
you to hear holograms wherever 

they are in the room. 
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Advanced devices and apps are revolutionising 
the way we monitor our wellbeing 


——_ 
The latest hospital tech 
uses algorithms to predict 
when patients are at risk 
a a a 


Vital signs 


It’s not possible for hospital staff to be at every patient’s bedside around the 
clock, but it’s crucial that changes to their vital signs are picked up as soon 
as possible. Current health tech does a good job of keeping people under 
surveillance, but the latest developments take monitoring to a new level. 
Devices like Snap4o and Vital Connect continuously track vital signs like 
heart rate, blood pressure, breathing and movement without wires. Worn 
on the skin as a band or patch, they can predict when someone might be at 
risk of deterioration, sending an alert to medical staff. 
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Wearable tech 
generates mountains 
of data that’s just 


waiting to be analysed 


Activity analysis 

Activity trackers have taken the world by storm. From Fitbit and Jawbone 
to Apple and Garmin, companies are now storing more data on our health 
than ever before. From tracking steps to monitoring your heart rate, these 
gadgets generate huge amounts of data, and not just for the people wearing 
them. Jawbone regularly digs into anonymised data gathered from their 
customers to analyse their eating, exercising and sleeping habits. Data 
from customers in the UK revealed disruptions in sleep when the clocks go 
forward, as well as on New Year's Eve and before the bank holidays. 
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DID YOU KNOW? In 2014, 21% of US citizens owned g wearable tech product and 10% wore one every day 


(Ofo) adi alle lersme) [Ul eves=y= 
rante)aline) alate ili antsw Kem a) ©) [-[ex>) 
finger prick blood sugar tests 





Blood sugar 


Diabetes is a disease that affects the body’s ability to make insulin (types1 
and 2), or make use of it effectively (type 2). Without a functioning insulin 
system, blood sugar can become too high, causing damage to nerves and 
blood vessels, or too low, causing a ‘hypo’, which can cause fatigue or even 
a loss of consciousness. Monitoring allows diet and insulin to be adjusted 
to keep blood glucose within a normal range. 

Glucose levels are normally checked by pricking the finger to get asmall 
drop of blood, but this can be uncomfortable and doesn’t give a continuous 
picture. The latest tech provides constant updates with a sensor that sits 
just under the skin. Asmall fibre is inserted into the tissue where it can 
measure glucose in the fluid. The data is storedina patch and can be 
downloaded at any time via a scanner, allowing continuous monitoring. 


“Many of us carry og powerful research tool in our pockets’ 






Al is learning to 
read calories from 
food pictures 


Nutrition tracking 


Nutrition trackers make calorie counting easy. Apps like MyFitnessPal pull 
nutritional information from a vast database at the scan of a barcode or the 
tap of ascreen, breaking down calories, fat, protein, carbs, and even 
micronutrients like cholesterol, vitamins and sodium. But that’s just the 
start. The latest apps are attempting to make food monitoring even easier 
by training AI to identify photographs of food. The food-logging app Lose It! 
has a beta mode called Snap It, which logs calories based ona simple 
picture of your meal. 
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The tech inside a 
smartphone can be used 
to monitor health at home 





Risk prediction 


By combining and anonymising the data from thousands of patients it 
becomes possible to develop custom strategies to diagnose, monitor, treat 
and prevent disease. Helpfully, many of us carry a powerful research tool 
in our pockets: smartphone sensors, including the accelerometer, 
gyroscope, GPS, and microphone can all gather crucial data. 

Apple’s ResearchKit is a framework designed to help researchers gather 
medical data from apps, allowing people to remotely participate in 
research studies. Stanford has used the tech to create MyHeart Counts, an 
app that takes advantage of motion sensors to track activity for heart 
disease research. The mPower app uses a gyroscope to learn more about 
balance in Parkinson’s disease. And the EpiWatch project adapts the Apple 
Watch to monitor and predict epileptic seizures. 








Next-generation 

health tech could use 
everyday objects to 
monitor your vital signs 





Home help 


Smart tech is entering our homes to take charge of the lights, heating, 
entertainment and internet, and healthy home upgrades are following 
close behind. Smart scales calculate body fat percentage by measuring a 
tiny current as it passes through the body. Room sensors measure air 
quality, temperature, humidity, and noise. And Google has filed patents for 
smart tech that can monitor blood pressure and heart rate through your 
toilet and bath mat. The same patent also mentioned a mirror capable of 
measuring skin colour variations and an ultrasonic bathtub. 
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Described as the most complex thing in the universe, our brains are truly astonishing 


he brain makes up just two per cent of our 
: total body weight, but crammed inside 
are approximately 86 billion neurons, 
surrounded by 180,000 kilometres of insulated 
fibres connected at 100 trillion synapses. It’s a 
vast biological supercomputer. 
The cells in the brain communicate using 
electrical signals. When a message is sent, 
id aXe) bist= Bato lswoyiean (ence ssrere) e) enol etc bebelcdismejel-sae 
allowing positively charged ions to flood across 
the membrane. Afterwards, more than1 million 
miniature pumps in each cell move the ions 
back again ready for the next impulse. 
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connections, are contained within the grey 
matter, which consumes 94 per cent of the 
oxygen delivered to the brain. Different areas 
are responsible for different functions, and 
wiring them together is a fatty network of fibres 
called white matter. 

When asignal reaches the end ofa nerve cell, 
tiny packets of chemical signals spill out onto 
the surrounding neurons. These connections, 
called synapses, allow messages to be passed 
from one cell to the next. Each neuron can 
receive thousands of inputs, coordinating them 


in time and space, and by type of chemical, to 
decide what to do next. 

Scientists have been electrically and 
chemically stimulating the brain to see how it 
responds to different signals, recording 
electrical activity to map thoughts and using 
sbaatctcabarcmueccowaepeeim(e)er-Dm\Ve,emnonne-leqnalene) (elele! 
flow increases that reveal when nerve cells are 
firing. The cells of the brain can also be studied 
inside the lab. Thanks to these investigations we 
Ka aXe)iVgeeleace-leyelvimaevtsmbeleacroblo)(cninau(mepacmmer.bel 
ever before, but our understanding is only just 
beginning. There is so much more to learn. 
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At rest, the brain uses around 20% of the body's total energy demand 


Brain development 


From a single cell to an incredibly intricate network 
bem lUrsimevbelcpealeveluets 


Within weeks of fertilisation, neural 
progenitors start to form; these stem 


cells will go on to become all of the 

cells of the central nervous system. 
They organise into a neural tube when the 
embryo is barely the size of a pen tip, and then 
patterning begins, laying out the structural 
organisation of the brain and spinal cord. At its 
peak growth rate, the developing brain can 
generate 250,000 new neurons every minute. By 
the time a baby is born, the process still isn’t 
complete. But, by the age of two, the brain is 80 
per cent ofits adult size. 


Brain formation aerineaar in 
like these, are found 

This astonishing structure is formed and Tameavemall®)eeler-lan) lee 

refined as pregnancy progresses cortex and amygdala 
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Spinal cord 





Spinal cord 





Chimpanzee Elephant 








\ Dolphin 
4 weeks 6 weeks 

Brain development starts just three weeks after ii ayom ey-]00-) aqme) atom e)a-]/au-lalem)e)[ar-] eco) com cmaleiVmr-l(emelels 
fertilisation. The first structure is the neural tube, which Fale Mise) r= lel0l-lI NVM acy il alsve Mmexe)aiuge)|(=\em o)’mel e-lel(=lalecmeyi 
divides into regions that later become the forebrain, J(efareliiiale mente) (oxere|(=somual-|mr-lso)e] ame liniclas) alm] qct- om re) g 
faal(ele)g-liammaliave)|e)e-liaW-lale es) ®)[ar-lmexe) cen different functions. 





Hindbrain @ — 
rs a 


ae ™>) Forebrain Forebrain 










Hindbrain / ' 


“Our brains 
einsteoas k contain 
4) 86 billion 

si neurons 
eae and 180,000 
11 weeks Birth kilometres 


As the embryo becomes larger, the brain continues to BX=¥Ke)ao¥r- Moy] ©\Va om ole) da Par-] qel0 elem ato] imeymmaal= i LL 
Talolgst-ls\oM amoiP4eW-lale Marcle] ce)arcmaalie|a-]kem-] ale me) gel-lal oem Bala nerve cells in the brain are lost and of fibres 
10] @ r= (exo e) mdal=m o)e-ll ame] e-[0 r=] | hy eccve] [alse kom ce) (¢e-Vmmaalicm ole) iam orela) a=xe1u le) atcw-|a=m e) a0) atzve mm (=t-hV/aleme)al \mdal=maalessys 

a foetus only measures about five centimetres in length. useful. This process continues after birth. 





Spinal cord 
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Making memories 


Hatem e)e-llamer-]aBoiee) c=] gee late Moaliil(elameliet-le)\ acme) mere] ee] 


A team at the Salk Institute in asked to recall what they’d seen. The neurons 

California estimate that the brain that lit up when they watched the first time lit 

can store around 1 petabyte of up again as they relived the experience inside 

Tavie)aantela(elamecinelacsve [aiken aar= their heads - a bit like an echo. 

connections between nerve cells. Recent research from the US and Japan 
That’s around 2,000 years worth of MP3 music suggests that these echoes are actually stored 
or 223,000 DVDs. And, incredibly, it’s possible 1A (eWeek) aLX2M [aU atom al) efelor-lanlelelcw-lalem-ler-liamia 
to watch memories being made. 1 p= More) a K=> Ome Mat= nl] ©) eXeLor-]an)el0\omal-lavel(=sce-jale) ats 

The Weizmann Institute in Israel and UCLA in term storage and gradually forgets, but as it 

the US captured memory formation in action. does so it helps to reinforce the memory in the 
Patients watched clips of videos and were then (oe) a k=yeur-] Ce) vince me) ave maksia gal c=ter-] 16 


Neurons make new connections 
when a memory is formed 


The cleaning 
process 


CSF sweeps away the dirt of 
the day as we sleep 


Self- 
cleani | 
OL * = : Cerebrospinal Flow 
SS} “ \ fluid (CSF) At night, the channels 
, < | ; / 


The brain is bathed in around the blood 
We have a built-in system ) = aires ra seni toes 
to clear tox1c waste from . . —— products out. through es brain. 
between our brain cells | il 


Sleep is one of the brain’s great 
mysteries, but research on mice has 
revealed an intriguing night time 


~ Astrocyte 
cleanup system. The brain is Star-shaped support 


shielded by a barrier made and 
maintained by cells called 
astrocytes. They hug the blood 
vessels, controlling what’s allowed 
in and out, and aspace between the 
vessel wall and these cells seems to 


play a crucial role in keeping the End foot 


brain clean Astrocytes have long 
; ; projections called feet, 
At night, the astrocytes relax their which come together to 


grip and the space fills up witha 
clear liquid called cerebrospinal 
fluid (CSF). It’s pushed along by the 
movement of the blood vessels 
underneath, swishing up through 
the astrocytes and out into the 
spaces between brain cells. As it 
passes, it picks up waste and debris, 
carrying the particles back towards 
the bloodstream so that they can be 
removed from the brain. 


cells surround the blood / 
vessels in the brain. 


create channels around 
the blood vessels. 


Waste 


Brain cells are constantly 
creating waste products 
that can cause damage if 
they’re allowed to build up. 
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Waste removal 
As the CSF flows across the brain, | 
the waste products are carried 
towards vessels where they can 


be removed via the bloodstream. = | oti 
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_ . rj _ 
MRI scanners reveal the 


A dolphin’'s brain is 300g heavier thang human's. They're thought to be as intelligent as apes 


igeye(=ssmerela 
electri 


‘oduced by our 


Mind over matter 


Sheer brainpower drives the healing 


impact of the placebo effect 


Placebos are an important part 
of testing new treatments. 
Before new medicines or 
procedures hit the clinic, they 
are compared to a pill, patch or injection that 
doesn’t contain any active ingredients. 
Neither the doctor nor the patient know 
which is which, helping to prevent bias. But 
the brain is a powerful thing, and just 
thinking you're getting treatment can make 
you feel better - or give you side-effects. 
One of the most famous studies, led by Jon 
Levine in 1978, attempted to find out what 
was happening. He and his team gave 


placebo ‘painkillers’ to patients after wisdom 


tooth extraction. Their studies revealed that 
the pain reliefthe patients experienced was 
actually down to the release of their own 
natural painkillers - endorphins. 

This strange effect can’t cure cancer or get 
rid ofasthma, but, with a little help from 
sugar pills and saline injections, your brain 
can change the way you feel. 


Just thinking you re 
getting treatment 
con actually make 
you feel better” 


It’s all in 
your head 


The power of the mind can do 
amazing things 
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Vaccines 


How we can encourage the body to prepare 
an army of antibodies to fight disease 





When foreign bacteria, viruses or dead or inactive part of a pathogen, which 
7, h _. otherpathogensenterthebody,the _ triggerstheimmunesystem to produce 
/. — a. immune system responds by antibodies without causing illness. The 
, , producing molecules called harmless invaders are eliminated, but some 
antibodies, which recognise and bind to the antibodies remain. Should the real disease ever 
foreign cells. Avaccine contains a weakened, appear, the antibodies will be ready to destroy it. 
Dormant 


An inactive part of 
the virus is injected. 


Fighting back 
The immune 
system produces 
antibodies that 
can recognise and 
fight the pathogen. 


Prepared 
If the real disease appears, the body can 
quickly produce these antibodies again. 





DNA is a complex molecule made up 
of chains of four different building 
blocks called nucleotides. The 
sequence of nucleotides acts likea 
code, instructing the cell to make certain 
proteins at certain times, driving biological 
processes in the body. DNA is found inside most 
cells andis passed from parents to their 
children. Variations in the sequence result in 
different characteristics, such as eye colour or 
blood group, and can also lead to genetic 
disorders such as cystic fibrosis. Advances in our 
understanding of DNA could mean that in the 
future, genetic disorders will be treated with 
‘personalised’ medicine that has been tailor- 
made for your DNA. 


25 





© WIKI/ Aurelien Guichard; Thinkstock; Illustration by Alex Phoenix 





032 | How It Works 


DID YOU KNOW? Stem cells in your bone marrow produce zoo billion new red blood cells every single day 


Stem cells 


The cells that are full of potential and replenish the body’s specialised tissues 


Stem cells are the source of every 
_ tissue and organ in the body. Inside 


~ anembryoacluster of stem cells 
continuously divides. With each 
division the resulting cells develop different 
characteristics that mean they can perform 
specialised functions, a process known as 
differentiation. Eventually, these cells will go on 
to form skin, muscle, bone and every other part 
of the body. Stem cells can also divide to produce 
identical copies of themselves, so the body’s 





supply of stem cells never runs out. This 
property is known as ‘self-renewal’. 

Evena fully grown organism needs a constant 
supply of new cells to grow, repair damage or 
just keep functioning as normal. Many types of 
cells with specialised functions - such as red 
blood cells, neurons or skeletal muscle fibres — 
are unable to divide and replace themselves. 
Instead, the body has a reservoir of stem cells 
ready to divide and develop into the cell type 
that is required.The two key abilities of stem 


What could stem cells do? 


How these remarkable cells could revolutionise medicine 


Brain 

New, healthy neurons grown 
from stem cells could be used to 
replace those lost due to 
neurodegenerative diseases 
such as Alzheimer’s. 





Enterocytes 





Intestines 
Transplanted stem 
cells could help 
repair damaged 
intestinal tissue to 
treat inflammatory 
bowel disease. 


Liver 


Totipotent 
Found in: Zygotes 
yA\ 0) (=mno ne (=\V(=1(0) emi aiKon-] 9 
Taldicome)aer-lalicianmme) le cmaalsy 
embryonic tissues. 


Types of 


stem cell 
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Stem cells 

The cells in a patient’s skin 
sample could potentially be 
reprogrammed into a 
personalised supply of 
stem cells. 





Hepatocytes 





New liver cells, or hepatocytes, 
could be made for patients with 
chronic liver disease, avoiding 
the need for a transplant. 


Bone 


—~ Osteocyte 


Cardiac cells 


‘al ae « 


Heart 


Healthy cardiac muscle 
cells could be grown inside 
the lab and transplanted 
into patients with chronic 


heart disease. 


Multipotent 
Found in: Tissues, organs and 
bone marrow 


salelalelelazvals 
Found in: Embryos 
Able to develop into any of 
the cell types inside the 


adult body. one kind of organ or tissue. 


Damaged bone or cartilage 
could be treated with stem 
cells in order to help the 
tissue regrow, while 
avoiding invasive surgery. 





Produce the cell types found in 






cells - differentiation and self-renewal - mean 
they could be incredibly useful for studying and 
treating disease. 

In the past, stem cell research has been seen 
as controversial due to the use of embryonic 
stem cells, usually taken from embryos left over 
from fertility treatment. However, more recently, 
scientists have developed new ways of growing 
stem cells in the lab, opening up the possibility 
of exciting new treatments, from building bones 
to replacing damaged neurons. 


“A reservoir of 
stem cells is 
ready to divide 
gnd develop into 

ony cell type" 


Making stem 
cells in the lab 


The only natural pluripotent stem 
cells are those found in embryos. 
However, in 2006, Japanese scientist 
Shinya Yamanaka found a way to 
ua=) 0) cele] e-|palaniowns) eleteit-] | hi-1e mexe) | Cmcelel are, 
Taucle (Ul iacwmue-latcice)aaaliaremual-lanmialne 
stem cells. Starting with skin cells, 
Yamanaka was able to reverse the 
(ot=}| Meliacclaelalat-)a(elame)var-lelellalemiellla<\y 
genes. The resulting cells were 
lav-lancvemlale(ecersvome)l0lalele)nclalmcjaclan 
(ox) | Oe) a] pee OSS 

Already, the use of iPSCs in 
igevs{ov-] @e1aM aTIoM lal av-lalerslemelels 
Uy ave (=) acy t-]alel late meyme|=)al-1elomexe)alelidte)ats 


Tater [Ulellavem ar-la diate) pcre anlelsversl (le 

(o WVAs14 ge) 0) a\var- ale m Bleu akoeoy\ialel ae) aie 
Although there are still technical 
hurdles to overcome, iPSCs offer the 
foxe)k=)a at] mkomua=t-) mm aal-laNvae(=laicia(om-lale| 
degenerative diseases by replacing 
damaged cells with healthy new ones. 





© Alamy; Thinkstock 
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<r SCIENCE 


The Larg 
Hadron Coll 


The huge machinehelping “@9 § 
scientists to uncover the ~~ 
structure of the universe 


The Large Hadron Collider, or LHC, 

isa physics experiment ona 

phenomenal scale. The 27-kilometre 

tunnel is the world’s largest particle 
accelerator, a powerful machine that could help 
us to understand the fundamental laws of 
nature. But although the setting is huge, the 
science is very small indeed; the LHC provides a 
peek inside the nucleus of an atom, which is 
made up of particles that are less thana 
trillionth of a millimetre across. 

Inside the LHC, these subatomic particles, or 
Jo) co) ne)etspe-Dacmeacveu-lmcr-(eemeluelcyar-imeblcdeusjelci-lel 
using electromagnets, producing millions of 
proton collisions per second. These are captured 
by sensitive detectors and give scientists an 
insight into the conditions that existed in the 
fraction of a second after the Big Bang. 

The LHC is one of several particle accelerators 
belonging to the European Organization for 
Nuclear Research, or CERN. The accelerators are 
used in succession to boost the speed of the 
protons until they reach almost the speed of 
light. Many different projects are based at the 
accelerator complex at CERN, including the 
ATLAS and CMS experiments that resulted in the 
Higgs boson being identified in 2012. 

The LHC first powered up in 2008, but the 
construction work didn’t stop there. The collider 
gets switched off for a while each year so that 
essential repairs and upgrades can take place. In 
2.017, one of the LHC’s detectors, the Compact 
IWW/ADToy aero) (=) ele) Co Oya GY bopmonaXel=Jar(cvelm-mere)ee)e)(=9:4 
upgrade on its pixel detector, which will allow it 
to capture particle collisions in even finer detail. 
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Scientists conducting a ‘heart transplant’ to 
replace the pixel detector at the core of the 
CMS detector in March 2017 


© 2008-2017 CERN 
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|‘ petabytes - 


: ' The amount of data stored from LHC 
.. “. experiments annually, enough to fill 1.2 
ali iia =J10 by e-\Vae| sense 
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ai atcwalelanlel=)me)mel|qele|iecwe)mua(-i Mel Om=t-[e1n) 
particle completes per second. 
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The temperature at which the 
electromagnets of the LHC operate. 
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Lenses 


Bending light allows us to study the 
smallest cells and the furthest galaxies 


Light bends as it passes through materials of different 
densities. As it enters a more dense material, it is deflected 
towards the ‘normal’, an imaginary line at 90 degrees to the 
surface, but as it moves into a less dense material it bends 
away. This is the basis of lenses. Adding a curve changes the direction of 
the normal, altering the amount that the light is bent and allowing tiny 
objects to be magnified or distant images to be enlarged. 








Convex lens 
Converging lenses curve 


outwards, increasing the \y A 


inward bend of the light. 


(4 


i 
4 Wynne 





WV Path of light 
Concave lenses spread the light, while 
convex lenses focus it to a point. 





Concave lens 
Diverging lenses curve 


inwards, increasing the 
outward bend of the liaht. 


The weird chemistry of water isy~ 








essential for life as we Know it’ _ 
© | o 
It resists | 
temperature It’s the 
change universal solvent 


It takes 4.2 joules of 
energy per gram to raise 
water temperature by 1 
degree Celsius, preventing 
the oceans from 
evaporating. 


Polar molecules (with 
partial positive and 
egative charges) dissolve 
in water, enabling the 
chemistry of life. 
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Mendeleev’s 
periodic table 


A Russian chemist cracked the chemical 
code and predicted unknown properties 


In 1860, just 60 elements had been found, and no one knew 
how they should be organised. Dmitri Mendeleev lined the 
elements up by atomic mass and noticed that similar 

| properties kept reappearing in the same sequence. A soft, 
very reactive metal would be followed by a shiny, less reactive metal. And 
several elements later, a highly reactive, salt-producing non-metal would 
appear. He arranged the elements into rows called ‘periods’, with similar 
elements stacked below each other in columns called ‘groups’. When 
elements appeared in the wrong order he swapped them around. Ifno 
element fitted into a column or row, he lefta gap and made a prediction. 











10 ll 12 13 14 #15 #16 #17 #18 
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au F || Ne 
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4. Predictions 
After a set interval, Elements ineach Mendeleev correctly 
the properties of fore) (Ul anlamciarelac predicted the 

the elements start similar properties. weight, density, 
atomic number (the to repeat. At this The first are the faatevidiavem efe)iaimr-lare 
number of protons — point they are alkali metals, valency of three 
Tamtatsmalelel(=\Umeyi arranged onanew_ which are all elements, including 
each atom). row below. highly reactive. the metal gallium. 


2. Period 
number 
The elements line 
Uy om lame)ge(=)m@e)i 


| Ice floats 
When water freezes, the 
molecules move apart, 
educing its density. This 
stops rivers and lakes 
freezing solid. 


















It should be a gas © 
Water molecules are | 
smaller than carbon 
dioxide, but they hold 

ogether as a liquid thanks ~ 

to hydrogen bonds. 




















It’s sticky 
Water molecules cling to 
each other and to surfaces, / } 

eating surface tension ~ 
and capillary action. 








© Thinkstock; Illustration by J 
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tecncams 
Rolgemel 


Inspiring Tomorrow’s Inventors 


- ito or. every nee 


sje! 


7: NDI y ADVICE § & WIDE RANGE OF PRODUCTS: 


“ae Cc ope on fot beginners 


arr esco jee 
merc Westie 





Astronomik, Astrotrac, Baader, Barr & Stroud, 
Celestron, Farpoint, Fornax, Minox, 
Moravian Instruments, Lacerta, Lunt, 
SkyWatcher, Teleskop-Service, . 
Vixen, Yukon, ZWO 







and many more! 





Turn a toy into a fully Move over Bond...make Build advanced robots 
programmable ‘bot in your own gadgets in and battle them in 


} \ -\ Robot Brain Surgery Gadget Factory Robot Inventor 
Call 020 33 845 187 beiweer 9am —-éom / days « q weer 


Co En eee 





Design & build a Build & Fly Your Own Design your own games 


HiFi audio system in Advanced Drone in and game art in 
Bluetooth Speakers Quadcopters Game Design 1,2 &3 





Abingdon 
Coventry 
Chelsea 
Harrow 
Weybridge 
Winchester 





Come as a day camper or join hundreds of other young people from 
around the UK and overseas at our flagship residential camps where you 
also spend evenings playing laser tag, disassembling electronics and even 
have your own en-suite room. 


ViVEelohmaom 4ale\i mile) a-ts 


Tech Camp is the UK's original camp of tts kind and remains the only one 
specialising in teaching coding through advanced take-home projects. 
It’s perfect for creative youngsters who like making things (or taking 
them apart!) or show those who are forever playing games how to start 
designing their own. 





We have tutors from institutions like Cambridge & Imperial, maximum 
groups of eight, and exdusive courses not available anywhere else. 
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accessible, air travel continues to change the world 


Fuel-efficient 

The tanks in the wings might 
contain 126,000 litres of fuel but the 
787 is 20 per cent more fuel- 
efficient than the 767 it replaces. 


Composite materials 
Unlike its predecessors, the 
787 uses lightweight 
composite materials for the 
fuselage, wings and most 
other airframe components. 


ommercia 
airliners 


sVetepor-tosi-yeleccrm o) cVelasuuetcim-ver-le) (RUSH (Om i es ——— | 
cross oceans and continents withease . | ee ee 


' 
a] 





Until the 1950s, the state-of-the-art in particular, the jet airliner. The world’s first ranges, greater capacities andimprovementsin ~ —s 


in inter-continental travel was the commercial jet liner, the de HavillandComet, _ efficiency. From njust Jopassenerlgin as Qe ie ee 
ocean-going passenger liner, but it was built in Hertfordshire, England, and twin-decked Airbus A380 cannowaccomm at a 
| wasn't exactly fast. Atlantic crossing © entered passenger service in 1952. It reduced the ~ supito 853 passengers, and froma wexiitiyman ie — — 
times might have improved from two weeks in journey time from London to Johannesburg to. range of 5350. kilometresat the > dawn ofjet™ > as < 
1838 to 3.5 days by 1952, butpassages to Australia ~under24 hours: = passénger, travel, today. S record Hate) (cl=yapts the = » 
never took muchless than a month. All this Over 6o years of development of commercial “™» Boeing 777- 00) Bie which can fly: 21,601 © <. 
changed with the introduction.ofairliners and, airliners has brought us higher speeds; eyatexcve iciigmetres without refuelling... ~. 
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A GE€go engine generates more thrust than the rocket that sent Alan Shepard into space in 1961 




















General Electric’s GE9O is the most 


i 2, 
powerful jet engine in the world, 
capable of producing 568,927 


Newtons of thrust 


More reliable and powerful 
than propellers, jet engines 
enable planes to travel 
faster and further 


They might cost tens of millions of 
pounds, and they might contain 
tens of thousands of parts but, ata 
fundamental level, the operation of 
a jet engine is easy enough to get your head 
around. According to jet engine manufacturer 
Rolls Royce, four steps - suck, squeeze, bang and 
blow - are all that’s needed to get you airborne. 


Inside the jet engine =—s "= 


} : Exhaust gasses and air are blown out of the 
The secrets behind the wonder of flight engine to propel the aircraft forwards. The 


that powers most commercial airliners escaping gasses power a turbine that is used 
to turn the earlier fan blades and compressor. 

























i =e oP - 
i‘ = 






+ 
H E 
i 
a 
a 
a 
a 
I 
| 






ie iat AON 
3 i iH 
i 


HE 
| i 
cmieene 44 4 


meme Litt: fio 


a a lo 
eke tT SSS 
— : 


I eS 





=e 


Suck Squeeze Bang 
Rotating fan blades suck The air is squeezed by a Super hot air is mixed 
—— Quieter engines air into the engine; more multi-stage compressor to a with fuel and ignited to 
The exhaust duct cover has a than a ton per second in fraction of its original volume generate exhaust gasses 
chevron pattern to improve mixing the largest engines. and, in so doing, heats it up. at thousands of degrees. 


of exhaust and air, making the 787 
significantly quieter inside and out. 





The Harrier Jump Jet is capable of vertical or 
short take-off and landing (V/STOL) 





FAN Maliaeme)im =Xeleliale how ove) aalan=)qeir-] ml la llarclecmiialcvemel emia 
order from the 1957 707 (front) to the latest 787 (rear) 


© Boeing; Bob Ferguson, Boeing photographer; WIKI/Jeff Dahl/ Alex Beltyukov/ Alec Wilson/ Jeff Dahl; US Navy 


VVAVVAVVA SGA Vam m0) =1.4>)5)-Wiie Ale e)\Y) How It Works | 039 








with its innovative design 


The HondaJet has two engines and 
_ seats four passengers and, in that 
~ respect, is similar to several other 
i small executive jets. Here the 
similarity ends, though, because unlike nearly 
all other jet aircraft, those two engines are 
mounted on pylons above the wings. 
Commonly, business jets have fuselage- 
mounted engines because mounting them 





The HondaJet 


The luxury private plane improving efficiency 





under the wing - as they are on larger jet aircraft 
— would place them too close to the ground. But 
Honda has broken the mould and shown that an 
above-the-wing design offers several 
advantages. First, by removing the engine 
mountings from the fuselage, cabin space is 
increased. Second, it allows a natural laminar 
flow, thereby reducing drag. This leads to 
improved efficiency and a quieter cabin. 

















Over-the-wing engines 

This unusual engine position is, 
perhaps, the HondaJet’s most 
innovative feature, offering 
advantages in efficiency and comfort. 


A high-tech 
private jet 


How Honda is 
changing luxury air travel 









Spacious cabin 
Thanks to moving 
the engines from the 
fuselage, the 
four-passenger cabin 
is a claimed ‘best in 
class’ for legroom. 


Thrust 
With an engine thrust of 
15,876kg, the F-22 can reach 
a top speed of 2,410km/h t=: 
and altitudes over 15,240m. . 


Large winglets 

High aspect ratio wings reduce drag but also 
reduce fuel storage. Large winglets reduce 
draa while maximisina fuel tank volume. 


Despite being withdrawn from service 14 
years ago, to many, Concorde represents 
the pinnacle of air travel 
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The US Air Force's X-15 rocket plane Is capable of travelling at 7,274kph 
















Built for stealth 
> Curves on the body of the jet The Lockheed Martin F-22 Raptor is 
a scatter radar signals in arguably the most advanced fighter 
> various directions as opposed aircraft flying today 
— to back to the source. 





Battle ready 

The F-22 provides a pilot with 
360-degree battle awareness 
thanks to its abiility to collect 
vast amounts of data rapidly. 
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a “syliex 
_) Wingspan 
> Witha wingspan of 13.56m 
| anda wing area of 78.04m’, | — \g = eS * 
the F-22 is capable of : Yee 
incredibly tight manouvres. 
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Steamboats were an asset to 
American industry, which 
had to move cargo over 
great distances 





Early steam engines were primarily 

a () used to pump water out of tinand 
coal mines, but they often broke 

down or exploded. It wasn’t until 
the second half ofthe 18th century that James 
Watt introduced design improvements that 
would make steam engines viable power 
sources for factories manufacturing textiles and 
other goods. Thereafter, production wasn't 
dependent on moving water to drive machinery 
and could be centralised in areas where a large 
workforce was available. 

Complementing this shift was the 
development of steam-driven transport. In 1804, 
asteam engine designed by Richard Trevithick 
started carrying freight and workers along rails 
at a Welsh ironworks. It was George 
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Steam may not have started the Industrial Revolution, but it 
did drive manufacturing and transport into the modern age 


el ae 


sequen 


Stephenson’s locomotive, however, that showed 


the world that steam was better for hauling 
heavy cargo than horses. That train took its first 
combined load of coal, flour and passengers 
along the new Stockton and Darlington Railway 
in 1825. Subsequent expansion of the rail 
network stimulated the further growth of 
Britain’s industrial towns; trains could supply 


“The expansion of 
the rail network 
stimulated the 
growth of Britain's 
industrial towns” 
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The Liverpool and Manchester Railway made moving 
freight between the cities a much quicker process 





= 


raw materials and distribute finished products 
quickly enough to satisfy demands for mass 
production from a growing population. 

Across the Atlantic, meanwhile, American 
manufactured goods were moving up the 
country’s rivers on steamboats built on designs 
pioneered in the early 1800s by Robert Fulton. 
Yet what really put the new industrial nations on 
the world map was the advent of transatlantic 
shipping. Ships such as Isambard Kingdom 
Brunel's SS Great Western, which took its 
maiden voyage from Bristol to New York in 1838, 
showed that steam could get people and 
products far beyond the countries in which they 
originated much quicker than sails. Ship 
building boomed, and the stage was set for the 
globalisation of trade. 
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Electricity may power most factories, but it’s largely generated by steam in power stations 
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Steam trains "Boiler tubes 


: ~ Running throughout 
These now beloved vehicles | is 
: i the boiler, these 
symbolise the heyday of British 


: : : carry hot air from 
industry and engineering a0 eee 


_ the water. 
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Regulator 
The steam from the 
_ heated water rises into 
_ the dome, where a 
throttle regulates its flow. 





















Chimney 

The familiar puffing 
sound of a train is made 
when smoke from the 
burning coal is vented. 


Cylinder 
The flow of steam 

is channelled 

under pressure 
through acylinder — 
to a piston below. 





Valves 


Pistons 

The pressure of the steam 
pushes on the piston, 
which is connected to the 
wheels by a set of rods. 
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Early steamboats relied on paddle wheels 
rather than propellers for forward motion 


Piston | 
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Valves along the steam 
delivery pipes regulate 
when and how much 
pressurised steam enters 
the piston chamber. 








ee 


Aptly named for 
the time, 
Stephenson’s 
Rocket was able 
to travel at 
around 48km/h 


Firebox 

Located within the 
cabin, this contains the 
burning coal that heats 
the water in the boiler. 


Boiler 
Like a giant kettle, the boiler contains 
water that is heated until it turns to steam. 


Wheels 

The piston pushes the 
rod, which forces the 
wheels to turn. 





Drive mechanism 
The rods are designed so 
that they can turn the 
wheels while remaining 
perpendicular to the track. 






VLTS 


Return pipe 
Water that has 
condensed from cooled 
steam is collected and 
returned to the boiler. 


© Thinkstock; WIKI 
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Ford’s $5-a-day wage kick-started a 
Yolo] m-laremlate(elciudt-lmasvce) eid (e)an 
creating a new, wealthier middle class 


=> i. ~s 


Henry Ford’s pioneering manufacturing process put the world on wheels 


Before Henry Ford opened the first 
moving assembly line on 7 October 
1913 at the Highland Park Assembly 
JE VeLmbeM Vole ebter-bapmer-be 
manufacturing was an incredibly slow and 
costly process. Ford’s ambitious goal was to 
jo) celehblecmmalcmanlcdalcrsimelonselel-)me)me-bacr-lmu slew Ceci 
possible cost and in the shortest amount of time. 
Nemdel=pibesimav(onbestsvelesDavactsisiveslo)nmenetcmr-vel 
empty chassis was pulled across the factory floor 
using a rope and winch, with140 workers 
positioned at various points along the 45-metre 
line to install the car’s 3,000 different 













Ford’s 
assembly 
line .~. 
The production 
re) moexst-s-¥r-]ale| 
components that 


created the 
iteTanleleccmivi(ele(=) im 








Rails 
The chassis was moved 
Fe) (ola tema arom 0) gole(Uloiute)a) 
Tlat=e)al ae) lism eXs)ce)aomual= 
wheels were added. 
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components. Each worker was trained to 
perform one particular task well, such as 
installing a radiator ora light, before the vehicle 
was moved on to the next station to have the 
next fitting attached. 

The simplicity of the production line allowed 
unskilled employees to be hired, dramatically 
cutting the cost of employing solely skilled 
workers who would demand a much higher 
wage. This meant that Ford was able to increase 
the wages he paid his staff, which rose from 
$2.34 to $5 a day, a rise of more than double and 
one that made a hugely positive social impact. 


Component 
delivery 

Parts were delivered to 
workers’ stations by 
chutes and feeder lines. 









Suspension and 
axle installation 
The Model T featured 
1 AVVom (=¥-] eS) ©) dale isee) ats) 
across each axle. 






The assembly line changed the face of the 
automobile industry and was continually 
refined to improve efficiency as much as 
possible. The Model T was the first vehicle to be 
produced with this method and the car’s price 
soon fell from $850 to less than $300. Ford’s 
template fast became the standard and, for the 
sabaslmubesteme-meo)eeviovar-le)tcx-belewa-det-le)(-ner- Pauls 
now widely available and affordable to the 
average American, cementing the Model T’s 
intended reputation as a ‘car for the masses’. Car 
ownership boomed and the age ofthe 
automobile began. 


Dashboard, power system and 
steering installation 

Contrary to other US vehicles at the time, the 
Ford Model T featured the steering wheel on 
the left-hand side, which became the norm. 


stateliatew-lare mitre) 
tank installation 
The single-block engine 
fe (=¥sfe]am oysters] anl=eln 
industry standard. 
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Ford's methods were so influential that mass production became known as ‘Fordism’ 
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The simple mechanics that helped a Fast commute 


Light and strong nation to get behind the wheel saa eat 


between 65 and 
7Okm/h. 


The chassis was made of a 
vanadium-steel alloy, creating a 
light yet sturdy frame. 
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Components Transmission = Efficient engine 
The parts fitted on the main The vehicle’s movement was ~~ The four cylinder 
assembly line were produced controlled by two forward engine was neatly 
elsewhere in the factory. gears and one reverse gear. cast in a single block. 


“Ford s goal was to produce the highest 
number of cars at the lowest possible cost 
and in the shortest qmount of time” 


Bonnet 
installation 










a lalevaliare mele (era (at 
The last details were added 


ees} alulare maa(=m slerehys Upholstering and 
For many years the Model T was only Fel aalevaliare| 


ro) k=)a=1e lame) al=mexe) (0)0] om mle) ge alent] a.<-1ep ai aremvielete (21am e-] geome) mual= : before supervisors checked 
i Va Wao U [<1 Xe) a at=) am er=] al al=\Z-¥el anvaene) ele] s leYeye WANA =1 n= M\Zc] gal isialavemrclalem uals) rae a ee dal=Kers] ars] aleM=lalel[a(-m Roti 6s) 
he wants so long as it’s black.” Ke¥e1uatel@n 0] ©) ae) oitclava-lele(-\ep CEO en ey were performed. 


Wheels and 
radiator installation 





Workers Fender installation 
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© The Ford Motor Company; WIKI; SPL 


Workers at their stations performed To complete the chassis, The body of the car was put together 
the same task on each car, meaning 1a goWkelale (=) somo) qomele le (sve melare (ol aire esx=\exe) ale alee) eam al=Mexe)anle)(sincve| 
unskilled or low-skilled labourers the radiator and petrol tank cYoYou(o)aMViv(ele] (eM olomle\iy(clacle me)alnomnal= 
could be employed. were filled. chassis via a ramp, arches and ropes. 


VVAVVAVVALS AVY mViV/0)-1;4=)8)-W ei ale) How It Works | 045 








Commercial 


Syalleyeliaye 


Five reasons why cargo ships 
are the world’s most important 
nelele (cme jmmcsbarsjeleal 
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OF ALL TRADE PRODUCE IS 
TRANSPORTED VIA 
CONTAINER SHIPS 
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THE ESTIMATED COST TO'SHIP ONE * 





STANDARD. CONTAINER FROM. MELBOURNE TO. 
CALIFORNIA, COMPARED TO $20,000 BY-AIR=- 


Electric cars/*} Maglev // 


How truly reliable eco-friendly 


automotive travel is becoming a reality tra i ns 


While the first small-scale electric However, things began to change Why J apan’'s magnetic lo comotive 
car model was created as early as in1997 when the Toyota Prius - the is a modern- day miracle 


1828, it’s fair to say they haven't world’s first mass-produced hybrid 
always had the best press. Expensive passenger car-was first released in 
and often unreliable, as recently as Japan before going global. Equipped 
2001 the furthest one was able to with a nickel metal hydride battery, 
travel was around 130 kilometres it became the best-selling hybrid of 


(GM's EV1). Despite concerns about the decade. 


global warming, high costs meant But this was just a foreshadowing. 
electric cars failed to truly take off. In 2006, Silicon Valley-based Tesla 


If you've never seen a train fly then you clearly haven't seen 
Japan’s maglev trains. Thanks to electrically charged 
magnets that allow it to hover ten centimetres above the 
tracks, maglev (short for ‘magnetic levitation’) trains are able 
to move at much higher speeds than conventional trains due 
to the lack of friction. A Japanese maglev set anew speed 
record during a test when it hit 603 kilometres per hour. 


Motors began producing vehicles 


Tesla’s Model S is one of 


that could travel over 320 kilometres 


the world’s best-selling on asingle charge. Chevy and Nissan 
plug-in electric cars soon followed suit, and investment 
by the US Energy Department has 


allowed companies to cut battery 
costs by about 50 per cent while still 
improving power, energy and 
durability. Today, inthe US alone 
there are more than 234,000 electric 
vehicles and 3.3 million hybrids. 
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Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 


f Planet Earth 


Eclucatie 





e The Sun provides our energy to live and is used for timekeeping. 

¢ The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 
« Constellations can be used for navigation. 

« Astronomy ts one of the oldest sciences. 


Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who ts readily 
available even outside of office hours. Our populanty has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
Fameatah at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 





@& 0161 6539092 www.planeteartheducation.co.uk 
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German tribesman 
2nd century BCE-6th 
century CE 
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Islamic archer 
L1th-13th century 
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British SAS 
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Wondrous 
habitats 


Wor 
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Filled with outstanding biodiversi 


these beautiful pockets of Earth 
extra special places 47 
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Reef hunter 

A moray eel peers out 
of a nook in the coral, 
just one of thousands 
of marine species of 
the Coral Triangle. 
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The reefs off the Bird's Head Peninsula have the highest biodiversity within the Coral Triangle 
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Covering 6 million square 
kilometres, this the most 
diverse marine ecosystem 
in the world 


Connecting six nations, this huge 
[- ‘triangle’ of vibrant coral reefs is of 
, «< incredible importance for ocean 
and human life alike. 

These colossal reefs are teeming with life 
thanks to the huge amount of space for 
colonisation, specialisation and evolution and, 
of course, the promise of food. The sheltered 
reefs are also essential spawning and nursery 
grounds for migratory species that then range 
across the rest of the world’s oceans. 

Alongside marine life, humans also depend 
heavily on the Coral Triangle. The reefs are 
natural barriers that offer protection from 
storms in the Pacific. They also provide food and 
essential sources of protein for the islands and 
support industries such as tuna fisheries and the 
hugely lucrative tourist industry. 

But this crucial ecosystem is under threat. 
Thanks to overfishing, destructive fishing 
methods, bycatch and global 
warming, the reefs and the 
vast amount of life that 
they support are in need 
of conservation like 
never before. 
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Hard coral secretes a skeleton of calcium 
carbonate, the stony, reef-building substance 
that supports entire ecosystems 


Mountains of 
Central fie 
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The largest big cats in the 
rainforest, jaguars are " 
adept swimmers and will bw earths 
jump into the river to hunt 
fish, turtles and caiman 
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This collective biome of river and rainforest is the 
epicentre of Earth’s biodiversity 


The Amazon biome spans nine The health of the Amazon is directly linked to 
countries and contains almost 400 the health of our planet. The trees that form it 
| _ billion trees of 16,000 different release around 20 billion tons of water as vapour 
species. It’s a complex web of many every day, which brings rain to the continent. 
ecosystems, including rainforests, savannahs, The rainforests contain 90-140 billion metric 
| ‘Twicethasizeora swamps, grasslands and flood plains. Despite tons of carbon - which would otherwise be 
house cat, these covering roughly one per cent ofEarth’ssurface, emitted into the atmosphere - and help to 
herhaaee _ the Amazonis home to aroundten percentofall stabilise the world’s climate. Deforestation is one 
i eonkeye. taking to known species. It’s incredibly biodiverse; there of the many threats the Amazon faces, and it 
» the trees as well as are more ant species on one tree in the Amazon could result in the release of some of this carbon, 
ee oe ver tonne. Rainforest than there are in some countries! which would accelerate global warming. 


Animals of suanae cenian 
phin 
the Amazon There are three species of 


, cr : these freshwater cetaceans, 
The Amazon ecosystem is bristling with forest 


: : : which live throughout the 
life, both in and out of the legendary river EEN eS EE 


Piranha 
The Amazon is 
home to 20 species 
of this razor-toothed 
| fish. They feast on 
fish, crustaceans, 





Emerald tree boa 
These strong snakes can grow 
up to 2m long. Nocturnal 
predators, they will hunt for 
mammals, birds and reptiles. 
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If the Amazon Rainforest were a country It would be the gth largest in the world! 
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Scarlet macaw 
These brightly-coloured 
birds have specially 
_ adapted beaks for breaking 
open seeds. They are 
/ among the largest parrots 
an in South America. 


With their super low 
metabolic rate, the 
sloths of the Amazon 
move through the trees 
at around 36m per day! 


na he s 


Green iguana 
Living much of its life in 
the forest canopy, the 
green iguana Is amongst | 
South America’s largest 
| lizards, growing to 
; | around 2m long. 


oy | a 
| Tapir 


™) Found across Central and 
\ South America, these able 
swimmers prefer to live 
% near water. Although not 
» = exclusively nocturnal, they 
ia tend to forage at night. 


Squirrel monkey 
Feeding on the rainforest’s 
bounteous fruits, insects 
and seeds, these monkeys 
_ live in groups and vocalise 
loudly to keep in touch. 


There are 22%‘dominant’ tree 
species in idat=b/-Vante4e)a Mme) ai) j 
Valle amicmaaromNc]L diate ey-|laamugets 
_ (pictured) 
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“Year-round 
: residents include 
wolruses, narwhal 
ond seals. When 
the sega ice comes, 
polar bears can be 
seen on the prowl’ 





Often found basking on the shore, 
the marine iguana feeds almost 
exclusively on marine algae 
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DID YOU KNOW? In Svalbard, the Sun disappears for two whole months in winter but never sets in the summer! 









The Galapagos Islands 


This archipelago of thirteen major islands is a ‘showcase 
of evolution’ both above and below the water 





Around1,000 kilometres into the and Galapagos penguin thrive here. On land, 
_ Pacific Ocean from the Ecuadorian plants such as mangroves, cactiand flowering WHERE? 
~ coast, the Galapagos Islands area shrubs bloom, while the ancient Galapagos aa 


sit hive of endemic species. There are tortoise roams the islands, sharing its home 
13 major islands, five of which are inhabited by with many finch species made famous by the 
wildlife found nowhere else in the world. work of Charles Darwin. The sheer remoteness of Thé Sally Lightfoot 
Thanks to the confluence of three ocean these islands has allowed life to flourish crab is a total 
currents, marine animals such as the blue- independently, with evolution undisturbed by scavendel, teepma|on 


the organic debris of 
the Galapagos beaches 





footed booby, marine iguana, Galapagosfurseal anything from the mainland. 


© Alamy; Getty 
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The world’s fourth-largest island has > ee a oF 4 Lainie 
an amazing array of unique wildlife 


After splitting from the African 
y (» continent around 165 million years 
sd 
ago, the island of Madagascar 
developed a diverse array of 
habitats, including rainforests, savannahs, 
tsingy (spiny rock formations), coral reefs, 
marshland and mangrove forests. These provide 
homes for a great number of amazing species. 
There are 11,000 plant species that are only 
found here. Similarly, 95 per cent of the island's 
reptiles and 92 per cent of its mammals live 
nowhere else in the world! 
There are many examples of 
convergent evolution, where 
animals evolve separately to 
fill the same niche, so they are 
totally unrelated but can look 
and actin similar ways! 


“The island of 
Madagascar split 
from Africa around 165 
million years ago" 


Male panther chameleons 
from different areas of 

NV FeXe FeleFebsxer-]ax=>dallolie 
different (yet equally 
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Bate: 


Ca ee ae 


DID YOU KNOW? Over 70% of the 250,000 species on Madagascar are found nowhere else in the world 9 Abe ) "Gs es <<“ 
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‘$1 The Sundarbans 
mangrove forest '— *: 


» One of the world’s largest mangrove 
—e3W systemsisa haven for some unique 
“ame—aand endangered species 


ey 
a i ee 


, Threats rn) Me. A yO TN th ¢ 
This delicate ecosystem is io arr ~e is ane J a Endangered species 
Wf threatened by deforestation, | ee m fos "_ we These thriving forests are 
home to the last surviving 
population of mangrove- 
4 dwelling Royal Bengal tigers. 


River delta Te.) >. Se ( C- 
The salt-loving mangrove trees jG’ 5 4 . 
mee | thrive on the tidal waterways of Sey Sime 2. ; a 
the Ganges-Brahmaptura- ..) Tee oie ib q 
Meghna River Basin. ~ e Eee \ “MYR. | 


§ agriculture and the inflow of 
— 4 sewage and industrial pollution. 
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= SO 2 | Bay of Bengal 
The Sundarbans are home to | oe . The Sundarbans forest 
Earth’s largest crocodiliain'> fHE» Lee Si : covers a cluster of 
Ye] | MV eo] Ko) aoa geloxeye (= F ; ; | ; 4 islands in the Bay of 
: | Bengal, spanning 
10,000km~? over India 
and Bangladesh. 





Nursery grounds 

The deep mangrove roots provide 
sheltered waterways and protection, 
making the Sundarbans an ideal 
nursery ground for many important 
marine species, such as tiger prawns. 


— 








Amazing trees $=» 


Zt. Tallest 
en G 1] The coast redwood 


Sura et that would tower over 
| the Statue of Liberty 


Hyperion, a tree growing in the Redwood 
National Park in California, was measured 
at 115.24 metres tall in 2006. It is thought 
to be between 600-700 years old. 













Largest 


[- tT, 

”" Z A giant sequoia that 

. measures 1,487 cubic 
metres in volume 


Located in California’s Sequoia National 
Park, a tree named General Sherman 
contains enough timber for 5 billion 
matches and weighs around 1,814 tons. 





Oldest 


ba 
r ad r 4s . . 
G -») The Montezuma G Z The bristlecone pine 
cypress tree 11.5 ~ that was as old as 
meters in diameter LE Stonehenge 


An unnamed tree in Oaxaca, Mexico has a When a 5.1-metre tall tree called 
circumference of 36 metres, equivalent to Prometheus was cut down from Mt 

ten medium-sized cars placed end to end Wheeler in Nevada in 1963, it was found 
in a circle. to be approximately 5,200 years old. 


© Shutterstock; Illustration by The Art Agency/Peter Scott 
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The largest snowflake ever 
observed measured 38cm 
Tame | telaal=ie=e 









DID YOU KNOW? The continents were once connected as a single landmass called Pangea 






Tectonic plates 


The face of our world as we know it was formed 
by the movement of vast floating islands 





Thelumpsandbumpsthatcoatthe became clear thatthe continents sit on a series The lithosphere is divided into seven major 
surface of our planet were once of moving plates that shift gently over the tectonic plates, which slip over the 
thought to be the effect of surface of the planet. asthenosphere as convection currents stir the 
Asst shrinkage. Like the cracked surface The outer part of the Earth, known asthe molten rock below. They creep across the planet 
ofa cake, scientists imagined that Earth had lithosphere, is made from two rocky layers: the at arate of up to ten centimetres per year, adding 
crumpled as it cooled, leaving behind deep crust and the top of the mantle. Beneath the up to vast changes in the shape of the land. 
valleys and tall mountains. But Alfred Wegener lithosphere is a layer of hot, viscous rock called Millions of years ago, the continents were all 
had another idea. To him, the continentslooked §theasthenosphere. It’s so compressed that it connected. Today, they are separated by oceans, 
like puzzle pieces that had slowly drifted apart. stays solid but so close to its melting pointthatit | withmountain ranges, valleys and fault lines 
Decades after he first proposed the idea, it flows like liquid. marking where the separate plates collided. 
Lithosphere Subduction zone Divergent boundary Transform boundary 
Tectonic plates are made If one colliding plate is an As plates move away from Plates slide past each other, 
from two layers of rock: ocean plate, it slides under each other, lava bubbles up grinding the rock and creating 
the crust and the top part the other and melts. from the cracks, filling the fault lines and earthauakes. 
of the mantle. gap with new rock. 


“The seven major tectonic 
plates are moved by 
convection currents” 







There are seven major tectonic plates 
dividing the surface of the Earth 





Convergent boundary 
As plates collide, the crust 
buckles, forming mountain 
ranges and volcanoes. 


Asthenosphere 

The plates ‘float’ on viscous rock just 
beneath the lithosphere in a part of 
the mantle called the asthenosphere. 


© Thinkstock; SPL 
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’s light show 
Nature’s light shows 
Discover the living creatures and atmospheric conditions that 
can create some of the most spectacular illuminations on Earth 


Lightning 

Collisions between water droplets and 

particles of ice in storm clouds create a 

strong electric field, which separates atoms into 
positively charged protons towards the top of the cloud 
and negatively charged electrons towards the bottom. 
Eventually the charge builds up so much that electrons 
shoot towards the protons within the cloud or towards 
the positively charged ground in a flash of lightning. 





‘ : > “a * - — « ‘ - pe . = : 

1 1 ; : ~ = * . 7 ™~ r o-22 *. . < ‘ < ** i _ . ° 
Bioluminescent Pee oe ae Pee SPREE SY Srey ene te aE 
= - fs SS aro weg Tt Fao Fete Car . .f os ¥ . =) 

phytoplankton | | . 5 Te pete’ ROR or eet Sittin tah pcAant Re eeresceree. 
Various species of eigen Sesto t Re er ee ia ee Pas ke Ls See ee ee tee 
"» .i cr a a : - “ ’ ” - = 6 94 . ¢ ~>)* +" J 7 yd »«* - pet 

phytoplankton produce light, but : ee a eee Se sah Vnves ter PEP i ei WE! ‘a 
ey ; ~ tts ob — ~™- 4 . ™~ - P e.t. vs ACh CK; LU 


the most common are NEP aa ree Se Nc a Bar a PR} Tt ELE 
dinoflagellates. Movement of ee ly nS outa S. ep eeee ie 5 
predators within the water likely .=> ry as. eee 

starts a chemical reaction, which 

causes a protein called luciferin to 


ay produce a bright blue light. This is 


thought to act as a form of defence 
against predators. 
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Auroras 

In space, charged ion 

and electron particles 

are constantly escaping from the Sun’s 
gravitational field and travelling towards 
Earth at high speed. Most of them 
bounce off the Earth’s magnetic field, 
but some are funnelled through its weak 
spots by the North and South Poles. 
They then collide with oxygen and 
nitrogen atoms in the Earth’s 
atmosphere, causing them to give off 
particles of light called photons. 
Depending on where the collision takes 
place in the atmosphere, these photons 
appear as different colours. 
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Bioluminescence has evolved separately at least 5o times ing range of species, including fungi 


> Light pillars 
During the day time, flat ice 

= crystals in the upper 
atmosphere can sometimes reflect the light 
from the Sun, creating a ‘Sun pillar’. However, 
when temperatures are below zero, these ice 
crystals can sometimes form nearer to the 
ground. There they can reflect light from 
streetlights and houses to create light pillars. 





= Fireflies 
The cells inside a firefly’s abdomen contain the 
chemicals luciferin and adenosine triphosphate, 
as well as the enzyme luciferase. When these ingredients mix 
with oxygen, which is supplied to the cells through a tube in the 
insect’s abdomen, they emit light. Either by nerve cells or by 
controlling the flow of oxygen, the bug can turn the light on and 
off in quick bursts. In young firefly larvae, this light warns 
predators that the insect may contain toxic chemicals, while in 
adults it is used for selecting a mate. 


; tk _—- 


ra 
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Glow worms 

Glow worms are actually 

bioluminescent beetles, and 

they produce light in the same way that 
fireflies do. Only adult females of the species 
glow, as they use their light to attract flying 
males for mating. 


@) lustre INitel eve) Etsy ueyaelsve 
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The journey begins 
The birds set off from their 
PAV cond (om o)aztzvel ale me] aele lates 
between July and September. 













A record- 
see dite 
migration 


The tiny birds that can travel 
the equivalent of two trips 
around the world each year 





The last leg 
ai ats\vaid aria mce)i (en Varela 
S-shaped path across 
the Atlantic Ocean to y ig 
arrive back at the f 
Arctic in May or June. 


After spending the northern spring 
and summer months along the 
northern coasts of Eurasia and 
North America, Arctic terns travel 
south to experience a second summer in 
Antarctica. Then, when the southern autumn 
arrives, they travel back up north again to breed. 
This epic pole-to-pole migration is the longest of 
any bird and has recently been mapped by 
fitting the animals with tiny trackers. One bird 
was found to have made a 96,000-kilometre 
round trip between the Farne Islands in 

Novas chebeslorcvet-belepmel@-belowavele-vacmle-Mmnel-Bleetxacie 
migration ever to be officially recorded. 

Over its lifetime the tiny bird, which weighs 
less than aniPhone, could fly as far as 3 million 
kilometres, the equivalent of nearly four trips to 
the Moon and back! 
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From late November until the 

end of March they live in the 
AVAVeXefe[=)| eY=r-e) mAV alt=] gean( ore 


Pufferfish 
crop circles 


How such a small fish can 
create such large patterns 


These stunning patterns 
on the seafloor were a 
mystery - untila new 
species of pufferfish was 
discovered. The males of the species 
create intricate patterns by flapping 
their fins to disrupt sand sediment. 
AWA K=) aro) acabatemaleyetsine)omieyarclereleiir| 
week, females come to inspect, and if 
they like what they see, they’ll mate 
with the male. It’s a fascinating ritual 
made all the more impressive given 
the size of the fish - around 12 
centimetres long - compared to the 
size of the circles, which havea 
oh E-Dastcins) meya-baelepelomanvenentcinacy 





1 June to 1 August 





1 December to 1 April 


Pit stop 
AN ma i at=m olete][alaliale me) im O@leane)ol=lg 
they arrive at the coast of 
North Africa. 


Almost there 

BM ars\vaexe)aiuialercme le) V/amaalsmexey-soit 
(o) AN id (or-e) metelU lua W-\aalsl a (erek 

(o (=Ver=laleliaremelamiviaemel|azveid(e)an 


When creating the circles, fine particles 
are pushed toward the centre, 
fe) golelUlellalem-Boinal qlalemucy@nula-Mere)aldg- lois 
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ie Ss Ge ee 
Bes Take a tour of history's greatest human-made landmarks 


eo and discover how they were built 













SriNeR Sy Be eee ea 





gees re = The pyramids were , 
“gear ee SS See, = _ built by thousanc 
Be a “killed worke 
- The Pyramids of Giza and the Sphinx “ 
y J rs a, of ancient Egypt’s monumental feat of heed ’ 
See Built between 2589 and 2504 BCE, each. However, no one quite knows how they 
nis oa (; 7 the three Pyramids of Giza served were moved into position. 
Nez = 7 » J as extravagant tombs for ancient One theory is that a system of sledges, rollers 
oe SE is eae, Egyptian pharaohs, large enough and levers were used to haul the blocks up a 
ee : ae an potise everything they would need in the slope that was increased in height as the 
We hae 4g afterlife. The largest, constructed for the ; pyramid grew. Meanwhile, the Sphinx, which 
nit = Pharaoh Khufu, consists of 6.5 million tonsof _— stands close to the pyramids, was carved out of 
a z: ; ; S stone, some in blocks as heavy asninetons | the limestone bedrock of the Giza Plateau. 
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The Great Pyramid of Giza was once encased In shining white limestone 
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The Great Wall Pharos of Alexandria ae 
of China The design and destruction of the world’s first and most famous lighthouse i 


Incredible manpower and tasty materials tie 
helped construct the world’s longest wall peat es In need ofa method for guiding ge 


7 trade ships into Alexandria’s busy 
NT a avolece] ama nt=W il gcimesx-vel a (e) alee) , “3 ae ail ~ 6 harbour, the Egyptian ruler 
border walls had been built in the sod ee 2% 
8th century BCE, it wasn’t until et eee oe Ptolemy Soter commissioned the at . 
220 BCE that Emperor Qin eas eee 390: re “construction ofa lighthouse in around 280 BCE. ~~ >= 
_ ordered for them to be joined up srs : 0E ' Designed by Greek architect Sostratus of | f 
as a protective barrier. He set 300,000 soldiers a rs . ; ‘ : aa 
plus many more peasants and prisoners to as joa Cnidus, it consisted of three levels, each built } 
work constructing the wall from stone, soil, BEE i 5 froma light-coloured stone and reinforced with — ee panees > 
wood and even sticky rice, which helped hold tee? ae molten lead. The lower square level supported hie 
the bricks together. The materials were tae ¢ |) e ; . ; 5 
transported to the site by hand or using E10) oh) an eight-sided structure, on top of which sata 
WV al=X-) | e¥-]a gen" eco) elssoeelareir-laliaa relish winte pg =H ee cylindrical section containing a curved mirror 7 
that reflected the light from a fire into a beam. t 


The finished lighthouse is thought to have been 
about 135 metres tall, but was reduced to rubble 
by two earthquakes in the 14th century. 


The Pharos took 12 
years and a 
considerable 
amount of slave 
labour to construct 


The Hanging Gardens of Babylon ans 














A towering green oasis with a somewhat misleading name = 
According to ancient sources, _— si, | 

ty () Babylonian King - Fiction Si e, 
Nebuchadnezzar II builta TAS ab Pan ; 

luscious hanging garden for 


Approximately 400,000 workers died his wife in 600 BCE because she was 
during the Great Wall's construction homesick for the beautiful vegetation of 
her native Media. But although vivid 
J1 19 6 | 8 N descriptions of the gardens were given i" 
p 8 8 , 
ii m no physical evidence has been found, | 
Full length of the Great Wall leading many to believe it never existed. 
as Sais Ss as However, amore recent search has 
, , discovered that the hanging gardens 
Equivalent to five times the width of the US may not have been in Babylon at 
all, but were instead builta 


10 ok century earlier in the city of 
[ok | peas by King Sennacherib. 


Itis thought they were planted 


=45- Ry s 
ralilitoya tons a ona series of terraces and an Sole t ° 
(o) i 0) d (1, @m=i Ko) al=¥-lalemanleloMUclaomelsi-romnemoleli(omis Archimedes’ screw device _ 
was used to douse them 
with 300 tons of water a day. hoa 
— Ninevah was later known as 
New Babylon, which may 
explain the confusion over 
rT The hon ing gardens the garden’s exact location 2 7 
C) C) b Sy 
The tallest section is equivalent to May not Ve Cen) ne 2 ’ 
the height of three buses Babylon at all” ae | “2 : 
a > x — , 
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The Colosseum 


Ingenious inventions and designs made the world’s largest amphitheatre possible 


In 80 BCE, after less than ten years 
24 ; 
J f of construction, Rome’s enormous 
" entertainment venue was 
completed. A pioneering feat of 
enginering, it would go on to host bloody 
-gladiator battles, re-enactments and 
executions for four centuries. 


— 


Seating 

_ The tiered seating 
and elliptical design 

’ ensured everyone had 
a good view. 


2 | 


Te. ——- 





Crowd control 
Almost 80 
separate arched 
entrances allowed 
the crowd to enter 
= and exit with ease. 
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Petra 


A unique ‘Rose City’ carved out of Jordan’s desert rocks 


Half-built and half-carved from 
WZ the pink sandstone that inspired 
-». itscolourful nickname, Petra was 
established as the capital of the 
» Nabataean Kingdom in 400 BCE. As a busy 
trading hub, it was once home to around 
20,000 people, but getting access to water was 
, difficult in the middle of the desert. 
The Nabataeans solved this problem by 
‘constructing an elaborate water management 
system featuring cisterns, reservoirs and 
~ dams that conserved seasonal rains. They 
- chiselled their buildings out of the cliffs by 
| carving steps into the surrounding rock, 
providing them with safe ledges to work from, 
_.- and ensured important monuments aligned 
with the sunrise on winter solstice. 
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The innovative four-tiered design of multiple 
vaulted arches provided plenty of support 
without adding excess weight and enabled 
more than 100,000 slaves to build it in simple, 
standardised parts. The recent invention of 
concrete also added strength, helping it hold 
crowds of more than 50,000 people at a time. 


Awnings 

Wooden masts 
supported awnings 
that shaded the 
audience from the Sun. 






som 





i Substructure 

_ Animals, gladiators and 

- stage sets were winched up 
into the arena from below. 


Banaue Rice Terraces 


Welt lal mes tll ners X-me) ma (oma (sl(emoleliim ey marclace| 


More than 2,000 years ago, the 
Tate lfet=latele fom elzte)e)(=Me)m hav ler-(oMlamuaal= 
aati iis) eliatsssmers]aaromel oMWiidam-lamlate(slal(eleis 
‘aalcidalecemce)anr-laanliale me)amcinei=) omuclae-llar 
With no tools available, they carved a 
series of terraces out of the mountain, bordering them 
with walls of mud and stone. They then harvested 
water from the forests on top of the mountain, 
1aCexere {ave maarcmiatelhyiel0l-] mils) (ehsmcvom dal] Mm a(ex-merele] (eel ge)i\a 
Wi alkmaatcidaleyeme)mir-laanliavem-lale mole icie-llallaremual-maclag-[ecss 


ave Ksws) [aL exows oL=X=) am Oy=sosox=le eo) amalgelele| amaal=melslars)e-1a(e)ars) 
and is still practised today. 


. [he rice terraces can 
ol-mcelelaremiamuar= 
(fey mel l|sleemskelelaiesl | ats 
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Placed end to end, the Bandue Rice Terraces would stretch halfway around the Earth 


Machu Picchu 4 + a , we Machu Picchu features palaces, 


plazas, temples, homes and an 
AhatsW-loarevélavem=areliacsccvalaremieleraceminl - | be, me irrigation system 
the Inca’s lost city ' ! 


NVCeveyaliavemme)(eManvelelait-liaMmlamual=mar-lahyc 
(OTUT=Yoi nlUr-m t-]alel lle [=m \Vit-Lera | Um ad (exer ale) 
stands 2,430 metres above sea level 
in the Peruvian Andes. Only recently 
rediscovered in 1911, the city was 
'o)0] | 1m ©)an dale [a lor-lm oleXo)e) (<M lamual-W koldpme-lalnllavar-lale 
then abandoned 100 years later when their empire 
NiVF- Komore) ale [Ullaslem o)Vamual=wo)oy-] alicia Metco dalou [alor- Malle male) 
Vid aKlaM t-lavelel-le(oMmual-lacW-] «om alo qs\ere)qelcmlale|(or-la lave] 
the purpose of the site, but many archaeologists 
believe it was a royal estate used by leaders. 

Set on the steep mountain slopes, the 200 
buildings were constructed using a dry-stone 
1x=Yo1 lal (oU(-Muviuarelelmanle) a t-] ems} (ele! <Melme|a-laliKomuicl ac 
precisely cut and tightly slotted together like a 
jigsaw, leaving cracks so small even a knife could 
not penetrate them. 


“Machu Picchu 
stands 2,430 metres 
above sed level in 
the Peruvian Andes © 


Easter Island statues 


The giant stone heads that required a lot of heavy lifting 


In the middle of the Pacific Ocean, the 12th and17th century, and are thought to 

almost 900 enormous statues represent their dead ancestors. 

called Moai can be found Despite being carved out ofalight, porous. 

surrounding the Chilean island of rock called tuff, which is formed by compacted 
Rapa Nui, the original name given to Easter volcanic ash, they each weigh several tons, and 
Island by its Polynesian settlers. They were exactly how they were moved into position still 
made by the Polynesians sometime between remains a mystery. 


The Moai appear in 
many different stages 
of completion 
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€ 23 © A prehistoric monument ENeiping us to uncover ses secrets =o the past The on ; d 

re In the wits countryside of Discover how Stonehenge might have 

ees England stands one of the most | Bluestone looked in 2200 BCE 

ae ~iconican erallacthaiien inane | The smaller stones travelled more 
pie than 25O0km via river from the 

: Ree Sage eee landmarks in the world. Preseli Hills in southwest Wales 

- Built over thousands of years, Stonehenge is and have a blueish tinae when wet. 


= a -the only surviving stone circle ofits kind and has 
3 _ become asite ofincredible archaeological 
a importance. Although it has revealed alot about 
. certain practices of the past, the structure is still 
~ shrouded in mystery, mainly because we still 
.. can't be sure what it was built for. 
hes, The most popular theory is that it was a 
ms : prehistoric temple, as the stones are precisely 
se ~ aligned with the movements of the Sun across 
en3 ~ the sky, which has special religious significance. 
~ What we do knowis that its construction began 
Pi _in3100 BCE, when a large circular ditch was dug 
en ee - using tools made from antlers. Around this time, 
* ea _ the site was used for burials; in fact it’s the largest 
: age late Neolithic cemetery in the UK. 
i: ein 2500 BCE, the stones were erected, having 
been worked into shape and smoothed using 
.» sarsenand flint hammerstones, anda few 
>—hundred years later were rearranged into their 
final position. Over the years many of the stones 
have toppled or been removed, leaving 
~ Stonehenge | in its current state. 





2 | Superhenge 


In 2015, scientists found what they thought 
¥ was another stone monument, five times the 
G2 size of Stonehenge, buried less than three 
) dike) patcidassowr-\W'e-hValice) gal dalow (exe)alcom(-lalelaat-la.e 
Dubbed a ‘superhenge’, it was detected using 
fe] cole] arets eX=\aolde-1uialemasler-] ar] arem el=)|(=\\.eremne) 
feature more than 100 stone monoliths. 


ox Ray However, when a dig was conducted, 
wake ee archaeologists instead found a series of deep 
oe pits that once held large wooden poles. The 


site was originally home to the people who 
§ =©built Stonehenge and the poles were erected 
Bet when they left, perhaps as a memorial. 

am However, they were later removed, and the pits 
were filled with chalk and covered over with a 
elfam ey-lal.@ 


Trilithons 


The tall arches were 















3 f Ss created by fitting a 
ee horizontal lintel stone on ie ry 
= ee _ top of two vertical stones | Cos 
Se Soe using mortice holes and 






protrudina tenons. ee 
Sarsen stone 
These large sandstones came from the 
cool BBB aes ovsaatctare(-Mantoyalelantslarmccteiallacve mw eXere(=1n Marlborough Downs 32 kilometres away 
=== poles, not large stones as previously thought | and on averaae weigh 25 tons each. 
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In 1915, Cecil Chubb went to an quction to buy chairs but instead bought Stonehenge for £6,600 
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seen as gee ae "Stonehenge isthe + 
The main axis of the stones 1 Cay, a a only SUIVIVINNG stone Be Soh 
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Transportation : 
The stones were dragged to the site on rollers 
and sledges, and some even came on rafts £ 
down the River Avon. 
Seay 
rae 
Positioning , 
The stones were placed in large holes with gees 
sloping sides and lined with wooden stakes at 
the back. i= > 
we 
ates 
| Alter stone 


Unique to the site, oe oe ay eee 37 | as | ay fasts Sh 


this stone is made ? 
from a type of old, x 
red sandstone and ; 
comes from the Senni Raising the stones ys 


Beds in south Wales.  & eee ral ae fee athe Ropes, a wooden A-frame and sheer 
Mas ae Le —~ v ge Mle ge manpower were used to pull the stones 
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? 
Placing the lintels 
Timber platforms were used to lift the 
horizontal lintels into position before they ae eS 
ieee ' were placed on top of the upright stones. Be <> 
Lintels a as NN Se es \\ : 
The horizontal stones WN Rees | | ie? | 
on top of the outer ring | ANS a? J WA 
were tightly slotted a N =. 
together using tongue 3 
and groove joints. £ a 
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Gutenberg’s 
printing press 


The groundbreaking invention that 
facilitated the mass production of literature 


Total length of the canal, 
which features 12 locks. 


years 12,650km hows 


The estimated distance saved by 
Ui} [ale Mdal=Mer-]ar-]mie)mm (elUlaatsy\somualels 
would otherwise have to go 
around Cape Horn at the tip of 
South America. 


The time it took to 
complete the 
project, started by 
the French in 1880 
lato Mmalaliciarcyem e\vaa ats) 
US in 1914. 
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vessels that pass through the 
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AW (el e-le [oma jaatcmie 
takes to travel 
through the canal, 
compared to the 
three-week journey 
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£3.8 billion 


Estimated cost of the expansion 
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Inthe 15th century, a 
we [» German goldsmith and 
/ <*/ craftsmannamed 

Johannes Gutenberg 


changed the world. His printing 
press was the first moveable type 
printing system, allowing 
information to be distributed much 
more efficiently than ever before. 
Gutenberg’s mechanism 
consisted of a handle that turneda 
screw. Attached to the screw was a 
wooden rectangular press, which 
had individual cast metal letters 
and punctuation fixed to its surface. 
Each metal symbol was coated in 
ink and arranged to create specific 


Revolutionary 

The printing press enabled 
information to reach a wide 
audience quickly and cheaply and 
encouraged the spread of literacy. 
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Hien | | Seeds 
, ET 
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aa 


words and sentences before being 
firmly pressed into paper. Chinese 
wooden block printing pre-dated 
Gutenberg’s creation by around 600 
years, but his was the first 
mechanised production method for 
the quick and cheap mass- 
production of texts. 

The printing press could be used 
to produce 250 sheets of text per 
hour, superseding block printing 
and ending painstaking replication 
by hand. Texts were rapidly 
circulated throughout Europe and 
were made accessible to sections of 
the population other than royalty 
and the elite for the first time. 


Screw 

To lower the plate onto 
the paper (or raise it 
up) a vertical screw 
was turned. 





CTT) 


Sie 


POI 


_ Enclosed in a holder, 
the paper was placed 
onatype form and slid ks) 
under the plate. 
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The Antikythera mechanism Is so advanced and complex some believed it to be ag hoax 





The Antikythera mechanism 





An ancient scientific device that accurately 


of Merb URelrero md atom lorerstale)atcneyacirctace-baleme)tsdelcins 


The Antikythera mechanism was 

id elem eslossum-lohiccbelmcromctsimaeeleyeedlett 
baksimauecesvelmejauelce-pelen(svelmsye-m 
Assembled by the ancient Greeks, or 
perhaps the Babylonians, it was lost for 2,000 
years before being uncovered from a shipwreck 
off the Greek island of Antikythera in 1901. 

After meticulous study, scientists and 
historians declared the distorted mass of bronze 
to be an analogue computer, able to determine 
id al=m olessualovatome)me)ecbolclace-belommelsmaneevbercaeyi 
eclipses. It accurately displays the phases of the 
WV CoYo) os tom rs'(o) 0 = tona elem (oler- 1m (eye ueymmelcmeacucenleyiyael 
planets in antiquity (Mercury, Venus, Mars, 
Jupiter and Saturn) in the sky. 





How it could have worked 





The 82 remaining fragments are kept 
at the National ZalKed ar-l-to) (ofe] fete] 
Museum in Athens, Greece 


Initially contained in a wooden case, only 
around 40 per cent of the original remains 
survive, and itis too delicate to examine by 
hand, so X-ray imaging and CT scans have been 
used to reveal how it worked. Inside, 
interlinking bronze gears are precisely arranged 
and cut exactly to size to turn rotating dials and 
pointers. The mechanism is evidence of the 
Greek’s impressive astronomical knowledge and 
dates back to 205 BCE, the earliest date listed in 
the inscriptions on the device. It’s the first 
invention we know of designed to show the 
layout of all the known celestial bodies in the 
sky at any given time, and was likely used for 
oxo) damarere(er-im(o)at-U-baleuc(en(=elebs(en e)0bg elelsiercn 


Based on the gears discovered, scientists can predict the mechansm’s inner workings 


Precision 
Bh ave lle (=aelt-] Me)amuatsmige)alme)muat= 
lantsxevat-lalbiaamcvace\ cove mual=mel-\"Aome) mma ala) 
Wie¥-] om = SV gele-14lalemuarcMal-lale| (om exe\uclalare] 
1d aro aalzxevat=]aliciaa Mma alam (elers|a(e)a me) muat=) 
sole] air=] arom \V/ Coke) amelalr-la\va ey-] au le0]t-larel-\\7 
could be learned, revealing when 
reYoa] | ok=oMa el 0] (e Melero] 


Inscriptions 
The inscriptions showed 
the times that certain 
stars rose and set in the 
sky throughout the year. 


Pointers 
ai arswialarclaxe|t-lmciaren "cove maal= 
twelve signs of the zodiac, 
allowing the phases of the 
Moon to be predicted. 
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Panhellenic, Olympic, Nemean, 
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Primary gear 
The device was kick-started by 
luat=m eld lant-lavAel=-lem ale amallaatzte| 
the rest of the gears. One 
complete rotation equals the 
passing of a year. 

















WY Ceyke)alrome(=t-lanueslian 
This section was used to 
fore] (1U]f-]koMaatomanre)aidamiamual= 
ancient Metonic system 
(Val rovaln xe) |Keyuvexe ire] 

WAe sora Ul ay- leq aatelaldamea'cel(=) i-] ale! 
fo fis} e) Fe \amal=anme)ameme|t-lmeya 
the back of the mechanism. 


Lunar gear train 
This section was used to 
fore] (10 | Fe] kom [Ol atelam e)alelsvosoerel ale 
(o(=\o)(ormmual=laame)ameal-mine)ale 

fo) im dato anreveiarelalciaan 


Eclipse gear train 
The lunar gear train 
for=](o10) F<] nclemual=Maatevaldamiamaal= 
Saros cycle, a 223-lunar- 
laateyal dam eX=1a (elem ol-laViV(ctela) 
recurring eclipses. 


Key: 


Lunar gear train Saros lunar 
(Yer || ok-y=me | Fe] 
Tatsxerd|e)a(e)aicmalslq=mexele| e| 
be used to predict solar 


and lunar eclipses. 








Eclipse gear train 
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Fossils 


Discover life forms that lived millions or billions 
of years ago before being turned to stone 


Extinction is a fact of life that, 
sooner or later, spells the end for all 
species. But dead doesn’t mean 
forgotten. The evidence might have 
remained hidden for millions or even billions of 
years but, in the fifth century BCE, Greek 
philosopher Xenophanes discovered the fossils 
of sea creatures and recognised what they were. 
We'll look at exactly how it happens later, but 
put simply, a fossil was a living organism, which, 
following its death, turned to stone. And these 
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How a living organism can be turned into stone 


and preserved for millions of years 


Death 

Specific conditions are 
required for fossil 
formation to occur; once 
dead, most organisms 
decompose combletelv. 
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No scavengers 
For the remains to be 
fossilised they must not be 
destroved bv scavenaers. 


records can teach us so much. Having found 
marine fossils on land, for example, Xenophanes 
was able to say with confidence that the sea once 
covered what was then dry land. Over the years, 
fossils have taught us a great deal about Earth’s 
history, and the discoveries continue today. 

For example, recent discoveries of fossils 
dating back to the dawn of our planet, when the 
Earth was an apparently inhospitable place, 
have fuelled speculation that life could have 
started on Mars at about the same time. 


Burial 

Protection of the 
remains is assisted by 
rapid burial, perhaps 
by sediment carried by 
a flash flood. 





Decay 





Mention fossils and many people think 
instantly of dinosaurs. These huge lizards might 
have left some of the largest, most impressive 
fossils, but they are not nearly the oldest, nor do 
they have a monopoly on providing a spectacle. 
The world of fossils is a varied one encompassing 
wonders as extraordinary as trilobites: large 
woodlouse-like creatures that crawled on the 
bed of tropical seas; brightly coloured petrified 
wood from long lost forests in Arizona; and 
coprolite — fossilised droppings. 





Soft tissue nearly 
always decays, leaving 
only harder material 





such as bones to 
fossilise, although 
creatures with 
exoskeletons can 





fossilise completely. 
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DID YOU KNOW? Small creatures such as insects can be found preserved in amber, the fossilised resin of pine 





Deeper burial 

Over time, geological events 
deposit more sediment, so the 
remains become buried to 
ever-greater depths. 
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Lithification 
Compaction solidifies 
the sedimentary 
material in a process 
called lithification. The 
biological remnants 
are now encased in 
solid rock. 
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Permineralisation 
Mineral-laden water seeps 
through the rock, filling pores in 
biological material with 
minerals and, in so doing, 
turning them into rock. 












Exposure 

Although formed deep in the 
Earth, fossils can be exposed 
due to geological processes 
such as erosion or uplift. 
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Discovery 

Once exposed, fossils 
can be discovered by 
palaeontologists, 
who painstakingly 
extract them from 
the surrounding rock. 










How It Works | 077 








Mit Rushmore 
by numbers 


Pn Carved straight into the mountainside, this imposing 
§ - monument immortalises four US presidents who had a huge 
* a influence on the republic in its first 130 years. From left to right, 
George Washington, Thomas Jefferson, Theodore Roosevelt 
and Abraham Lincoln symbolise the nation’s founding, expansion, 
development and preservation respectively. 


14 years 


The project began in but faced several delays 


0% 


of the monument was carved 
with dynamite. The rest was 
The height of the monument removed with drills and by hand 


© fatalities 


Despite the risks involved, not a single person died during construction 
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Nutrient 
boosting 
Feeding flames with 
grass and dung allowed us 
to keep fires going for 
cooking. Softer meals led to 
smaller teeth, and more 
calories allowed us to 
develop bigger 
brains. 





Technology 
triad 
Three key advances set 
humans on the path to 
dominance: fire, hard tools 
and language. Flames kept us 
warm, allowed us to cook, 
and led to technological 
advancement. 
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foraging * “ Handled drill 
Before we mastered Prehistoric fires were 
making fire, early humans = Paden eu - started with fire drills (a 
i wed u : ; 
pies fll . natural a a « Stee ealdiealets t | stick twisted against a 
azes to fin e treasures | 1 hearth to generate friction 
that they left behind, Soe wooden handles. The pieces . | ai icin (struck 
including cooked eggs, | : could be glued together against metal to 3g 
small animals and =, 2 with pitch and gypsum, Lag, create sparks) g 
oN aor: ™ or made in the heat of : e 
- the flames. ley f. S 
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The International 
aoa Station 


Light out-of-this-world d 
—facts about this amazing 


~ orbiting laboratory and 
=~how it has changed ou 
planet for the Pettagal 
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speed of 27,/00km/h, ~s— 


this is how far the _— 
ISS travels each Sa 
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= 
During its time ; = 2 Tee Aaa are 
in orbit, the ISS has Z | .. Wandigsuningy ie 
travelled the | —_ ISS has been 
equivalent of more * : BINS 
than 40 round 
trips to Mars ‘ 
“%s 


It was assembled in space 


Each section of the ISS was launched separately and put together in orbit 


The first parts of the ISS, the Russian module, of the space station was built on the 





Zarya module and the US Unity ground. These sections were then launched 
module, were launched in 1998. Since aboard the Space Shuttles, which then slowly 
then, more than 40 launches have attached them to the ISS using its robotic arm. 
been needed to assemble the ISS. One exception to this were some of the Russian 
The majority of the ISS was transported to modules, which launched and flew independently Astronauts Robert Curbeam and Christer Fuglesang 
space by NASA's Space Shuttles. Each room, or to the station. work to attach a new ISS segment in 2006 
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DID YOU KNOW? The ISS has completed more than 100,000 orbits of Earth since its assembly began in 1998 





Life support systems 


The ISS is almost entirely self-sustainable thanks to some amazing technology 


Keeping the astronauts alive onthe 
ISS is no mean feat. Thankfully, the 
Environmental Control and Life 
Support System (ECLSS) helps to 
keep things ticking over. 

The ECLSS is not one single unit, but instead a 
combination of the various components on the 
ISS that provide clean water and air to the 
astronauts. To generate oxygen, water is split 
into oxygen and hydrogen via the electrolysis of 


The ECLSS 


How astronauts survive 
Tamaarsmecel(eMmelalasi(clalaiare 
vacuum of space 





Temperature 


Waste 

Some waste cannot be 
recycled and is taken 
off the station by 
visiting spacecraft. 


VANS 
p00] DLO LON Bs) 


URINE 


Urine recovery 
On the US side of the 
station water from 
astronaut urine is 











Astronauts 
There are up to 
six astronauts on 
the station at 
any one time. 


PROCESSED 


water in the Oxygen Generation System. Visiting 
spacecraft also bring tanks of oxygenasa 
JoyeTelcabyonciby eye) ayA 

Around two-thirds of the water on the station 
is recycled via the Water Recovery System. On 
the US side this includes reusing water both in 
the atmosphere of the station and also in the 
waste of the astronauts via the Urine Processor 
Assembly. On the Russian side, they don’t reuse 
the water from their urine. 


The temperature on the 
ISS is kept at around 24°C. 


Ue NIN 
~ RETURN 
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\. 
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recycled in the UPA. meg 

CREW 

SYSTEMS 

PRODUCT PORTABLE 
NAVAN Is WATER 
PROCESSING wetacen 
é 
WATER/ WASTE 
HAND WASH WATER PRODUCT 
NAVAN otat 
How the space station has evolved over the past two decades 
| 
carat | vse ; pe 
1 Al Tita 1 
ee a cae 
BB alicmlaliatel ing i Ring This acts as This section 


relae)vi(elztem ele) /\\(-1ar-lale. 
propulsion, but is 
now used for storage. 
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rere) al at=xer a [are] 
farele(=mxe) minal 
station. 


'e)ae)ve(=som dale 
station’s vital life 
support systems. 
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FIRE 
DETECTION & 





The ECLSS also removes carbon dioxide from 
the air and keeps the levels of nitrogen, oxygen 
and other gases at a breathable level. It’s also 
responsible for maintaining the temperature 
throughout the station and moving air between 
the modules. 

Put simply, the ECLSS is vital to life on the ISS, 
and lessons learned from it will no doubt be 
essential for future space exploration missions. 










Carbon dioxide 
The ECLSS maintains the 
optimal level of CO, by 
venting some into space. 





AIR 















OVERBOARD 
VENTING 










Fire 
detection 
The ECLSS can 
detect if a fire 
breaks out, but 
thankfully 
that’s never 
been required. 








OXYGEN OVERBOARD 


VENTING 


Oxygen 

Oxygen is generated 
on the station by the 
electrolysis of water. 


“The majority of the 
ISS was transported by 
NASA's Space Shuttles 


February 
2001 


ahatswoarelin 
research module 
used by the US 
astronauts. 
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in SPACE 


CT gon Yilale miereye! 
If we’re going to survive on 
rTalolual=lau elt-larcimcomanlie| aim arcyave. 
to grow our own food. The ISS has 
been used to grow a variety of plants, 





A testbed for 










1PM ela laidiare| 


Made In Space’s 3D printer has been 


|_| operational on the ISS since 2014. So 
far it has mostly been used for basic 
we might do this elsewhere. 


may rely on this technology to 
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i tclel rel aceyal 
exposure 
Various sensors on the ISS 
ave Wiew olecelamaalevalive)dlace maslelt-laleyal 
for years. It’s thought that cosmic 
rays could be harmful to astronauts 
on deep space missions, so this 
research is vital in order to keep 
datclanmice)aamar-lqa0F 





“Plants including 
rice and lettuce 
have been grown 
onboard the ISS" 





April 2002-2007 
2001 
The process of 
ah alismer-]ame|g-]°) assembling the 
Vale maateyyic 10] 0) eye)aalare| 
spacecraft and oii gU(o1el come) mania 
fo) dal=] axe) 0) (=\e1 i ISS begins. 
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one day help us travel to Mars on 
and beyond 





> i Long duration 
A spaceflight 
( Most astronauts stay on the 
\ yom Kelas) ) @aalelaldatcem olUlmice)sam\vt-laen 
| 2015 to March 2016 astronaut Scott 
J Celi Ware] ale Moxeys)pate)ar-lUimm\V il dal-llm colgalicial ice 
¢ spent one year on the ISS to help 
practise for the long duration missions 
needed to get to Mars. 


Private space 
exploration 
The ISS has helped usher in an 
aa age of private space exploration. It 
“y aves £2) (exe) naleve MY{evalea(=sowr-lale. 

\ equipment from SpaceX, Orbital ATK, 
re] ale mane) qovam Ml alsvcxow exe) an) ey-lalstom nate \melala 
(oF Wankel a gal oy-] a me) m-lam=)4n2)alhV 

Tavareieele) (ss infrastructure in Earth orbit as 
irate alae) (eye hy NASA heads for Mars. 
TaWAN®)a1WA@) Lommaat=msiie(-l(e) 
Expandable Aerospace 
Module (BEAM) was attached 
to the ISS. It was pumped full of 
air in May 2016 to expand to 
five times its previous volume. 
This could be used on future 
spacecraft to save on space 
at launch. 








October fy -5- an February 
2007 fie fo’ R 2008 
Sleeping quarters\\ The ESA’s 
|e) aa Wal=morg=\)\ Am AUVe) research 


others can sleep Fe] oe) ga) Ke) aYme) a) 
Ta WAVicy4el-8 the ISS. 
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DID YOU KNOW? Approximately seven tons of supplies are needed to support a crew of three for six months 





=> 4el=)alaal=lalecm il comualicn e)ge)vale (= 
laMiasci(e]alal(aicemdarcmaatelure)ame)i 
liquid in microgravity 






Impossibie experiments 


Research not possible on Earth has taken place on the ISS 





Astronauts perform hundreds of provide a new way for researchers to study Earth 

experiments during their time on and its atmosphere. 

the station. The microgravity Astronauts have also helped to advance laser 

environment of the ISS allows for eye surgery by wearing an eye tracking device. 
some fascinating research that is simply not This enabled scientists on Earth to see how the 
JoXessisjlo)(=meyem ot. bam ebm ac. barcabetemeceyeme)lelecarane) eye’s position changes, essential for the precise 
chemistry, the station has become a hotbed of movements needed in laser surgery. There have 
groundbreaking experiments. also been studies to find out how astronauts can 


One example is protein crystal growth,where _ stay healthy during long spaceflights. By 
astronauts have developed high quality protein exercising regularly, astronauts can reduce the 
crystals on the ISS. It’s hoped that this research level of bone mass loss they experience. These 


could be useful in developing drugs to combat findings may also help treat osteoporosis 

many diseases including Alzheimer’s and sufferers back home. 

muscular dystrophy. More recently, asample of the superbug 
From the Japanese Kibo module, astronauts methicillin-resistant staphylococcus aureus, or 

are able to launch cubesats into space; small MRSA, was taken to the ISS early in 2017. 

satellites the size ofaloafofbreaddevelopedby Scientists hope to see how it evolves and help 

S]MULe (ovelacwebelemeyecr-bebicr-luleelsne)em et; baleeM Nelcri= (fovanlorslmiespesle)Comelele-lalevetswelvecneeu t-baeee 


Astronauts of all walks 
of life have worked 
together on the ISS 


International % 
cooperation 


The ISS is one of the greatest global ¢& 
eo) IE loreyeclaloyarspraweriiioay 








More than 16 countries have been involved in the assembly 
and operation of the ISS. The two major players are the US and 
Russia, and their commitment to work together in the 1990s on 
the station was seen as a major breakthrough in relations. 

Since then, countries including Canada, the UK, Italy, Japan and more 
have all been involved in one way or another. Astronauts from a variety of 
(ol bbalmalacwarsAcwilonnisem non alencje-in(o)aue-belem olcre)e)(-e-saelepelemmalcmnieyelem-bacrcle)(= 
to see it in the night sky as it flies overhead. The ISS is a testament to what 
can be achieved when countries decide to work together. It’s likely that for 
future missions to Mars or elsewhere, similar cooperation will be essential 
and welcomed. 
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2008 yA0i Ke) 2011 2016 
Japan’s The large Experiment The latest arrival: an 
research windows afford faatexe(Ui(-muomalelave Tali f-)t-] 0) (cele) palace) 

faaeyel0)(-Kela glorious views i= for dark matter in test how to expand 
the ISS. of Earth. -_s the universe. modules in space. 
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Armstrong spent 21 hours on the 
[Ul at-laeclelar-(ercmel lalate mele) i (om al 





The trailblazing NASA missions that took us to the Moon 


n the late 1950s, the US and the Soviet Union 
were racing to reach a major milestone in 
Sy oc Leccvibeed som oLoumalepestsbelcmeyemmelcw\y(oleyemmelsvel 
return them safely back to Earth. In July 1969, 
INPANSYAW ELON aXe) elcloW-Vole) Memb emer Dea tsuelen-linceyer-leles 
Neil Armstrong, Buzz Aldrin and Michael 
Collins. Armstrong’s famous words, broadcast 
from the lunar surface, clinched the title for the 
AW aatevelesbalsesverom@er-belecromnel-neoleparemejweloscet-vel 
history: “One small step for a man, one giant 
leap for mankind.” 
INVANSYAWINCKspie)a entre m bem lel toe-nelemaalepaveye) ile 
Program was only its third major spaceflight 
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initiative. In order to achieve this ambitious 
goal, it designed and built a whole new breed of 
vehicles. The Saturn V rocket, which eventually 
launched all six manned lunar landings, was 
taller than the Statue of Liberty and weighed as 
much as 400 elephants. It was more powerful 
than any rocket that came before it. 

The astronauts themselves rode in the Apollo 
spacecraft, a small portion at the top ofthe 
enormous launch vehicle. Once the rocket had 
put Apollo on course for the Moon it fell away, 
leaving the spacecraft to complete the four-day 
journey and return to Earth. 


From 1969 to 1972, 12 astronauts walked on the 
Moon, some staying for as long as three days to 
conduct detailed surveys and experiments on 
their surroundings. Over the six missions, 
almost 400 kilograms of lunar samples were 
(ofo) UcKeiccyom-beleme)aeloecdelmoy-(elanen ot-bas elm Nels 
astronauts also installed six observatories on 
the surface of the Moon, which operated for 
many years after the surface was free of human 
footsteps. The wealth of data has not only 
imecbotsice)eestcromeloemunelelcvacir-belelberemeyammelcm\Vlolevemelelt 
also hinted at the history of Earth and the entire 
Solar System. 
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DID YOU KNOW? The broadcasts they made during their mission won the Apollo 7 astronauts an Emmy Award 


 - a Soe 


ce Dai =" poe ee Lunar rovers enabled 
yess the Apollo 15, 16 and 17 


“Goturn Vi W/GS More =a) astronauts to explore 
powerful than any 
rocket that came 
before it” 


lanlecoiaM (-]ae(>) ar-lastels 


Apollo 
discoveries 


The Moon is lifeless 

No signs of life, past or present, were 
icelelacem|amuat=ml0lat-lmct-laale)(stomere)i(svernave 
(o[Ul glare muat=w-V ele) (em aalissiie) aise 


The Moon is asymmetrical 
The Moon’s crust is thicker on the far 
side, while most of its volcanic basins 
iteme)am uae alst-]@ciie(e 


BR accmYcolelalemiUCele)amanlsinere 
Early in its history, the Moon was 
alere Kee KOMel g=v-] k= anle)ik=)amelext-laneyi 
magma, topped with a rocky crust. 


Asteroids shaped the Moon 
aiat=ml-lae(-emel-la.@ey-ss)[acmelamaalcm vcore) a 
were created by huge asteroid 
impacts, which were later filled by 
flowing lava. 


WY Cokoyamaelele) (“mull c@- Bike al 
aM at=m\Kele)amicmexey'{cla-\emlamaeleje)(cmuar-ls 


Saturn V launched Apollo 15 from NASA’s , = eis ae a Sun's activities 
Kennedy Space Center in Florida over the las lion years. 





























A il Apollo 1 Apollo 2 Apollo 3 Apollo 4 Apollo 5 
po Oo ¢ Never launched f (re-designated) | (re-designated) ° 9 November 1967 ° 22 January 1968 
7 7 ¢ Manned ¢ 25 August 1966 e 5 July 1966 e Unmanned e Unmanned 
missions ¢ Test flight, — e Unmanned e Unmanned e Test flight, e Test flight, success 
A history of NASA’s destroyed during ¢ Test flight, success ¢ Test flight, success success 
lunar exploration pre-flight test 
Apollo 11 Apollo 10 Apollo 9 ae Apollo 8 Apollo 7 Apollo 6 
°16July1969 fame | © 18May1969 | aBoiee °3March1969 gi | » 21 December 1968 e 11 October 1968 ¢ 4 April 1968 
¢ Manned ¢ Manned ¢ Manned 2 ¢ Manned | ¢ Manned ¢ Unmanned 
e Lunar landing, * e Lunar orbit, e Earth orbit, e Lunar orbit, e Earth orbit, ¢ Test flight, 
sUCCeSS success success success success engine failures 
Apollo 12 Apollo 13 Apollo 14 gsmr, ¢ Apollo 15 Apollo16 4g Apollo 17 4 
¢ 14 November e 11 April 1970 ¢ 3lJanuary f y J he \ | ¢ 26 July 1971 ¢ 16 April1972 g ~ ¢ 7 December 1972 
1969 ¢ Manned Mead | ° 1971 a ¢ Manned ¢ Manned aie | ° Manned 
e Manned eLunarlanding, “*" — e Manned SE e Lunar e Lunar Se e Lunar exploration, 
e Lunar landing, success aborted on outward flight | * Lunar landing, success exploration, success exploration, success success 
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Hubble: seeing | ‘ 
th ht .  e ggrw Haar tS 
rough time en a 
—™ *. - a ei EP 
How the Hubble telescope has helped us look ; = Sti E 
* ‘i ¥ 
~back to the dawn of the cosmos a ge 
° =, 
In1995, the Hubble Space Telescope someofthe most distant and dimmest galaxies 2 
was pointed towards a seemingly stretching back through the 13.8-billion-year - . ~ Fi 
barren part of thesky. Fortendaysit history ofthe universe. . . . » <q " 
Kore) Kero m= lmmabespeleyelelsiealelmacrcaleyewee! It has since been usurped by the Hubble : ; . g 
the constellation of Ursa Major, in which no Ultra-Deep Field in 2004, and the Hubble es . « “Tie f * 3 4 
telescope had seen much of note. Hubble, eXtreme Deep Field in 2012, which were each the ‘ oa | . 5}, 
however, returned a fascinating series ofimages deepest astronomical images ever seen at the - 4 er . y ‘s 
sacatcarceouatemeloymelelaeveetceclm-)0molvim Melelenex-Nt-p.elcts time. Now, througha programme called Frontier + . : * =* 
ae ' » oo : : F 
stretching far back into the universe. Fields, Hubble is using the gravity of galaxy “ a . * Ss 
This is known as the Hubble Deep Field, andis _clusters to see even further back. These act as ’ = ‘7 & 
, x 
one of Hubble’s crowning achievements. By gravitational lenses, allowing it to look at the ‘ : vai in 
é : : f : : ro ° The 2004 Hubble Ultra*Deep Field - updated 
looking at regions of the skies with a long earliest galaxies of all, some dating just a few in 2014 to include ultPfviglet data - contairis & 
exposure, the telescope has beenabletosee_ . hundred millions years after the Big Bang. . 2 , _ approximately 10,000 galaxies 
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Black holes the sky up into different segments. But while they look close together, 
often the stars within a constellation can be separated by hundreds 
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Constellations 


These groups of stars have helped us 
to map the night sky 


Constellations are groups of stars in our galaxy that from 
Earth appear to make a particular pattern. While none 
have any actual scientific value, they are useful markers 
for exploring the night sky. Different constellations 
appear in the sky depending on the time of year and the direction 
each hemisphere of Earth is facing. 

Today, we have mapped out 88 official constellations, which split 
























or thousands of light years. 





One of the universe's greatest phenomena, 
and we can't even see them 


Black holes are objects of extreme gravity, where matter is 
(° A squashed so tightly that its cores have singularities of extreme 
b/ density. Around the centre, the gravitational pull is so strong 
nothing can escape - not even light. 

At the centre of most galaxies is asupermassive black hole, a vast black 
hole billions of times more massive than our Sun. These dictate the 
movement and evolution of galaxies. But for all their wonder, we've still 
never seen a black hole directly. 
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DID YOU KNOW? It currently costs SpaceX over $130 million [approx £100 million) to send a rocket into space 





Water in the Solar System 


ies Welaicoxcb cons Mc10g e)alsshelemalovaelelymeymry(alme)coNalcl ice. belemealelevalcmbamelenaee)cjean(enel-itcdsleelenastejerel 


Earth is the only place in our Solar System 
with visible bodies of liquid water on its 
surface. But surprisingly, it is not the only 
place with water. We now know that many 
jo) Echalcuace-balemenlee)atcmat-AUcMulcclke) @emevelsmieecemeyarsbelelmelcve 
Venus has some water vapour in its atmosphere, 





Ocean 
worlds 


‘What proportion of these 
planets’ and moons’ volume is 
narcle(=meloMeymN'e- [a=] ar-lalem (nate 





i 
@ AZ) ’ 
Enceladus Dione Europa Earth aL Ui Ke) 
66% 62.6% 17.7% 0.128% 61.6% 


The future of space travel may depend on rockets 
tha can fly again and again 
SpaceX and Blue Origin are working to 
a flight somewhere, your change this, and they have been 
plane was scrapped after it successful in launching, landing and 
reusing their rockets. If the technology is 
that’s the case for most space launches at 
the moment. Fortunately, companies like 


perfected, the cost of going to space could 
dramatically decrease in the future. 


eC 


Most launches and 
landings of the same 
rocket lue Origi 


Imagine every time you took 
CE: 
landed. Sounds wasteful, but 


I (21 kt2) 0) (= eyed, (=) : 
could see the cost of 
FFTUT ators ialemexe) ei (e| 


reduce by a factor of 


tele 


i 
A 


Number of 
successful 
spaceX landings 


ae 
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possibly left over from former oceans. Mars has trickles 
of water on its surface, and may have large amounts of 
ice underneath it. And moons including Europa and 
Enceladus are thought to have vast oceans under their 
icy surfaces, which have revealed themselves via great 
plumes of water ejected into space. 


Ganymede 


41.6% 11.3% 


Nebulae 


AM at=s1- ale ce(=mos (ol U(et-meo)meocel-Jnnl(omer-\-w-lae melee 
can form stars and planets 


IN fe} ele] Fel=meor- 1a) oy-]amanliiitelasmeymm (ela) mayict-] ae 

appearing as glorious shapes when we look at 

them from a distance. Over time, gravity can 

pull parts of them together into new stars and 

planets. Some nebulae are the result of stars 
exploding as a supernova, leaving behind these vast clouds of 
(o (=) 0) aim Olu alt=) aom-]qom- mexe)anle)iat-ale)ame)me}-lomel-lialem ele] | (se mnele(sinaislg 
in interstellar space, while some are regions where gas has 
cooled and condensed. But however they form, they are truly 
a sight to behold. 


The Rosette Nebula contains 
(eYatolule|amel-low-lale mele lsimnKomie) gan 
10,000 Sun-like stars 
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© ESAand the PACS, SPIRE & HSC Consortia; NASA; SpaceX 











The blue marble 


Thanks to our perfect home, we've been able to experience every other wonder 


Letsimr- Wicamerebelebacromy(-1-Bace- bere pm aelessie 
JoXere)e) Kem ola) btcar(exemelebae)t-belalmiccls 
placed at the very centre ofthe 
universe. However, through © 
advancements in astronomy we soon found this 
not to be true, and instead discovered that we 
are buta tiny speck within the huge expanse of 
the cosmos. Our home galaxy, the Milky VENA ifs 
home to an estimated 100 billion planets, itself 
one of 2 trillion galaxies in the universe. But we 
still have every reason to feel special, because 
we've yet to finda planet as ideal for life as ours. 





O88 | How It Works 


When our planet formed from a swirling ring 
of gas and dust 4.5 billion years ago, it contained 
the raw ingredients it would need to transform. 
into an abundant oasis of life. Its distance from 
the Sun allowed for water to eventually exist in 
JbToLbbCeBKo)ask-\ercescsonu eluede)ol-mr-belomeperelsveatsr-uael 
the surface, its active mantle led to energy- 


- producing volcanoes that would power the first 


Nbcem cova celsKeye orcbanens Melats(cke)act-DentsveatcanVoleicel 


_divideand evolve ina soup of chemical 


ingredients integral to life, and billions of years 


~ later, the first species would venture onto our 


planet’s. surface. Here they would be protected 
aqovesmdelsmolebekcwer-besjewe-lootclaleyemona-maanlee 
atmosphere — held in place by the magnetism 
generated within our Earth’s molten iron core - 
and they would be able to thrive. 

Today, over 8 million species live on Earth. 
Throughout humanity’s brief time here, it’s 
played host to every war and every conquest, to 
every idea and every discovery. And although 
we now dream of venturing out into the cosmos, 
we may never find a home as bountiful, or as 
beautiful, as our blue marble. 
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BOOK REVIEWS 








How To Be 
A Scientist 


Amix of practical science 
and fun facts 


®@ Author: Steve Mould 
®@ Publisher: DK 

@ Price: £12.99 / $19.99 
®@ Release date: Out now 


here are many science books that talk 

about important discoveries, major 

theories and famous scientists from 
history. There are also many books that pack in 
dozens, ifnot hundreds, of scientific 
experiments that you can try at home to test out 
scientific theories, before linking these 
experiments back to science. However, it’s rare 
to find a book that combines these two things; 
How To Be A Scientist brings scientific theories 


and practical experiments together in a way that 


keeps you turning through the pages to see 
what's next. 


The latest releases for Curious minds 









AY 


liede Wh 





The book is divided into six categories, such as 
Space, Chemistry and Natural World, and each of 
these categories has a mix of information about 
the topicand things to try yourself. In some of 
the more experiment-focused books, some of the 
tests require hard-to-find materials, or a great 
deal of preparation. How To Be A Scientist keeps 





the language throughout the book, and of some 
of the experiments, might put off more advanced 
readers, but this is stillan excellent way to get 


flipping drawings by placing them in glasses of 
water will amaze, while experiments 
surrounding solar energy and information about 


things simpler; the experiments are only two or 
three steps long, use materials you will likely 
have at home, and don’t take much time. Each 
one is linked back to a theory, so you will keep 
asking questions about what you've learned, 
which prolongs the fun. 

Elsewhere, you'll find pages dedicated to 
important names in the scientific community, 
which explain what they did, when they lived 
and why their work was important. These are 


backed up by fun illustrations and other imagery 


to ensure younger readers stay entertained. The 


target age range here is around seven to 11- older 


readers may find the text or experiments a little 
too simple. 

Still, for those younger readers, the science 
here is sure to enthrall. Trying things like 
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the water cycle will help children learn 
important lessons about the environment and 
the world around them. The simplistic nature of 


KKK 


YOU MAY ALSO LIKE... 


101 Great Science 


Experiments 
Author: Neil Ardley 
Publisher: DK 

Price: £7.99 / $9.99 


Release date: Out now 


VAV7idae)V-1a KOLOM=>-¢0l-lalaniclales 
packed into this book, there will 
be plenty to keep kids interested. 
Some are quick, while others take 
Koyare(=\ar-]alem-la=manle)aomia\ce)\icremmeleis 
science is always the focus. 


365 Science 
Activities 

PANUiuate)em "(lalate Mm melex=\\7 
Publisher: Usborne 

Price: £12.99 (approx. $17) 
Release date: Out now 


oNV{=l ham 8) ae) Kole] ¢-]®)a\Var-lale. 
interesting experiments keep this 
book interesting throughout. It’s 
fo fet}(elarevemudidame)arcm=>.< elcid lan(clalare| 
oF Wa lamanliave pm ele) myoleM | MV\-lalm cena ay, 
them all right away. 


children reading, thinking and actively 
engaging in science. 


George’s Marvellous 


Experiments 
Author: Roald Dahl, Barry 
Hutchinson 

Publisher: Puffin 

mda lersHe ow Aes so (-]*) °) x0) ea} LO) 
Release date: Out now 


Tats} e)[q=vem Yan <ey=] (eM By-la] Mom r- lan leleis 
loloye) @-laleMicr-]d0lalaremillOisine-la(e)a lomo)’, 
OJUT=\ai diam =)t=];(=Mm dal kom ofele) all ave! [Ue(=ss 
easy-to-follow experiments using 
everyday objects. 
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Cosmos: The 
Infographic 
Book Of Space 


A fact-filled look at the 
wonders of the universe 


Author: Dr Stuart Lowe and Dr Chris North 

Publisher: Aurum Press 

Price: £25 / $34.99 

Release date: Out now 
Completely captivating and visually 
impressive, this book is a terrific read 
for anyone fascinated by space. It’s 
packed full of engaging infographics 
that visually explain a variety of topics, 
from space stations to the structure of 
galaxies and stars. The infographic 
medium is particularly effective at 
presenting information about scale, 
such as comparing the sizes of 
telescopes or asteroids. These 
visualisations provide an immediate 
sense of perspective. We enjoyed the 
accompanying website, too, which 
offers interactive versions of some of the 
graphics inside the book. 


The Periodic 
Table Book 


All118 chemical elements 
in one great book 


Author: Various 
Publisher: DK 

Price: £14.99 / $22.99 
Release date: Out now 


This bright and breezy introduction to all 
the chemical elements on the periodic 
table is a must for any young science lover. 
This encyclopedia is a visual tour of all 
known natural and human-made 
elements, from commonly known 
hydrogen and iron to newer elements like 
oganesson and nihonium. With over 1,000 
colour photographs, The Periodic Table 
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The Fourth 
Industrial 


Revolution 
Aninsight into the 
future of technology 


Author: Klaus Schwab 

Publisher: Penguin 

Price: £14.99 / $28 

Release date: Out now 
Anarray of new technology has put 
humanity on the verge of a new era. 
That's the message being put forward 
by Klaus Schwab’s intriguing book, The 
Fourth Industrial Revolution. As the 
founder and executive chairman ofthe 
World Economic Forum, Schwab is 
perfectly placed to comment on the 
potential impact that the likes of 3D 
printed organs will have. Schwab’s 
writing is pragmatic and optimisticas 
he reaches some intriguing conclusions. 
A few interviews with the innovative 
tech gurus that are contributing to this 
progress would have been a bonus, but 
nevertheless, this is a fascinating book. 





Bookis superbly illustrated anda 
selection of interesting factoids will 
appeal to all audiences. For instance, who 
knew that niobium is used in the lenses of 
glasses as well as Apollo 15’s command 
module? In essence, this is the perfect 
starting point for those wanting to learn 
about the building blocks of the universe. 
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Get in touch 


Want to see your ideas on this page? Send them to... 
 f ) How It Works magazine © @HowltWorksmag 
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How to clean dirty coins 


Remove the oxide layer from the outside 


of dirty coins using fruit juice! 





Find some coins 

First, you'll need to find some coins to clean. 
Newer coins will already be very clean, so you're 
looking for older ones if possible. Coppers like 
pennies or 2p pieces are best for this, but you can 
use silver coins if necessary. Try to find coins that 
are really dirty or even a little bit tarnished so that 
you will be able to really see the difference 
cleaning can make. 





The waiting game 

You need to pour the fruit juice into the glass 
so that it only covers the bottom half ofthe coin. 
Don’t worry if you happen to put too much in —- just 
pour alittle bit out of the glass until the level is 
right. You now need to leave the coin in the fruit 
juice for at least a few hours - if possible, leave it 
overnight for the best results. Then remove the 
coin to see how effective the cleaner is! 
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Clip them on 

We're only going to submerge half of the coin 
— the other half will not touch the liquid. This 
means the weak acids in the cleaning liquid will 
not affect the other half, so you'll be able to see the 
difference. You needa strong clip to secure the 
coins above the glass, so use a bulldog clip to hold 
the coin and push a pencil through the top to 
balance your clip across a glass. 





Other cleaners 

You can use other liquids to clean your coins, 
too. Different fruit juices contain different levels of 
acid, so experiment with a variety of options to 
find which is the most effective. You can also try 
liquids like ketchup, which contains vinegar, or 
just vinegar on its own. Vinegar contains acetic 
acid, which is quite strong, so it should do a great 
job of cleaning your coins. 





Prepare your cleaner 

You might be surprised to hear that the 
cleaning liquid we're going to use is actually apple 
juice. The juice contains citric acid, a weak acid 
that can help to clean coins. The coin is dull 
because the copper in the metal has reacted with 
oxygen in the air to form copper oxide. This oxide 
makes the coin look dirty, but the citric acid in the 
juice will get rid of it and restore the coin’s shine. 


“Coppers like pennies 

or ep pieces are best, 

but you can use silver 
Coins if necessary © 


Disclaimer: Neither Future Publishing nor its employees can accept liability 
for any adverse effects experienced after carrying out these projects. 
Always take care when handling potentially hazardous equipment or when 
working with electronics and follow the manufacturer’s instructions. 
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© Illustrations by Ed Crooks 


Make a tornado in a jar 


Create a swirling tornado of bubbles at home 











Make your solution Spin it! 

First, take an empty jam jar and fill it with water. Top Place the bottom of the jar on the palm of one hand 
it up with a little washing-up liquidandthensealthejar and gripittightly, then put the other hand on top ofthe 
tightly to stop the water from escaping. Nowyou'llneed _ lid. Youneed to start moving the jar in circular motions, 
to shake the jar hard to forma layer of bubbles atthetop so begin moving both hands in circles, starting slow 
of the jar. When you create your tornado, these bubbles andspeeding up. The aim is to get the liquid in the jar to 
will be what you see forming the ‘cone’ of the tornado start spinning and swirling around the edges, so keep 
itselfin the centre of your jar. the circular motions quite small to get it going. 


“These bubbles 
will be what 
You see 
forming the 
tornado ‘cone’” 






In summary... 

The water in the jar is forced 
outwards as you rotate the jar. 
However, when it hits the 
glass, it can’t get out, so starts 
moving ina circular motion. 
Gravity pulls more water to 
idelcmololaneyeomoyad eeu t-)emolvima els 
outward force means that 
some is pushed up the sides, 
and the bubbles descend into 
the middle of the jar. 








Take a look 

Place the jar straight down onto a flat surface and take a look at the 
results. You should see a cone of bubbles, with the thin end touching the 
bottom of the jar and the wider end spinning near the lid. As time goes by, 
watch how the cone starts to reduce in size and the bubbles start moving 
towards the top of the jar. This happens because the water slows down and 
eventually stops spinning. 
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